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COMPUTER PROGRAM FOR DESIGN OF TWO-DIMENSIONAL SUPERSONIC
TURBINE ROTOR BLADES WITH BOUNDARY-LAYER CORRECTION
by Louis J, Goldman and Vincent J, Scullin

Lewis Research Center

SUMMARY

A FORTRAN IV computer program for the design of two-dimensional supersonic
rotor blade sections corrected for boundary-layer displacement thickness is presented.
The ideal rotor is designed by the method of characteristics to produce vortex flow
within the blade passage. The boundary-layer parameters are calculated by Cohen and
Reshotko's method for laminar flow and Sasman and Cresci's method for turbulent flow.
The program input consists essentially of the blade surface Mach number distribution
and total flow conditions. The primary output is the corrected blade profile and the
boundary-layer parameters.

INTRODUCTION

Methods for the design of supersonic turbines for possible use in turbopump and
open-cycle auxiliary power systems, where high-energy fluids are used and high pres-
sure ratios are available, have recently become of interest. The method of character-
istics as applied to the two-dimensional isentropic flow of a perfect gas can be used for
the design of the supersonic blading. Computer programs for the isentropic design of
two-dimensional supersonic nozzles and rotor blade sections have been described in
references 1 and 2, respectively. A computer program for the design of two-
dimensional supersonic nozzles with boundary-layer correction is described in refer-
ence 3.

This report presents a computer program for the design of supersonic rotor blades
where losses are accounted for by correcting the rotor profile for boundary-layer dis-
placement thickness. The ideal rotor blade profile is obtained by using the computer
program described in reference 2. Boundary-layer parameters are calculated by using
the computer program described in reference 4. The final rotor blade profile is then



obtained by adding the displacement thicknesses to the ideal blade coordinates. The
program described herein is essentially a modified combination of the two programs
described in references 2 and 4.

The boundary-layer parameters (displacement and momentum thicknesses) are also
used to calculate the conditions downstream of the rotor after the flow has mixed to a
uniform state. The procedure described in reference 5 is used for this purpose.

This report presents a description of the input and output and a complete FOR-
TRAN 1V listing of the program. A brief description of the computer program and
method of design is also given. An example of the program output is included to indicate
the use of the program and the results obtainable.

METHOD OF ANALYSIS

The design of two-dimensional supersonic rotor blades that are corrected for
boundary-layer displacement thickness is described herein. The ideal rotor passage is
designed by the method of characteristics as applied to the isentropic flow of a perfect
gas. Boundary-layer parameters (displacement and momentum thicknesses) are then
calculated for the ideal blades. The final rotor blade profile is obtained by adding the
displacement thicknesses to the ideal rotor coordinates.

Rotor Blade Description and Design

The design of the ideal blade passage is based on establishing vortex flow within the
passage by a procedure analogous to that given in reference 2. A typical passage
is shown in figure 1. The passage consists essentially of three major parts: (1) inlet
transition arcs, (2) circular arcs, and (3) outlet transition arcs. The inlet transition
arcs (upper and lower) are required to convert the assumed uniform parallel flow at the
passage inlet into vortex flow. The concentric circular arcs turn and maintain the vor-
tex flow condition. The outlet transition arcs reconvert the vortex flow into uniform
parallel flow at the passage exit. Straight-line segments parallel to the inlet and outlet
flow direction complete the ideal passage.

As seen from figure 1, the ideal passage is designed so that the outlet spacing is
less than the inlet spacing. This is necessary if the corrected passage (i.e., the pas-
sage corrected by the boundary-layer displacement thicknesses) is to have equal outlet
and inlet spacing {see fig. 2). For an ideal passage designed for impulse conditions
(equal inlet and outlet Mach numbers), this is accomplished by having less circular
turning for the outlet portion of the passage. That is, the outlet circular arcs JK and
DE (fig. 1) are less than the corresponding inlet circular arcs IJ and CD. An iterative
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Figure 2. - Design of supersonic rotor blade section.



procedure performed by the computer program determines the condition for which the
corrected passage has equal inlet and outlet spacings.

Boundary-Layer Calculations

The boundary-layer parameters (displacement and momentum thicknesses) are
calculated for the ideal rotor passage by using the computer program described in 4.
The program uses Cohen and Reshotko's method (ref. 6) for the calculation of laminar
boundary layers and Sasman and Cresci's method (ref. 7) for turbulent boundary layers.
Curvature effects are not considered in these calculations.

In the laminar regime, a single ordinary differential equation (the momentum in-
tegral equation) is solved numerically. The results of this method (as explained in
ref. 6) have to be extended for flows in highly favorable pressure gradients as might
occur over some portions of the rotor blade. For turbulent flow, coupled first-order
ordinary differential equations (the momentum and moment-of-momentum integral equa-
tions) are solved using Runge-Kutta techniques.

The displacement thicknesses obtained from the program are then added to the ideal
rotor blade coordinates to obtain the corrected blade profile. As discussed previously,
an iterative procedure is performed by the computer program to determine the condi-
tions for which the corrected passage has equal inlet and outlet spacings. It should be
noted that it is not always possible to obtain a blade design by this procedure because of
boundary-layer separation or large boundary-layer growth.

A number of options related to the boundary-layer calculations are also available to
the user. Because of the adverse pressure gradients that exist within the rotor passage,
the computer program will generally predict laminar separation at these locations. The
program allows for the reattachment of the flow and continuation of the calculations for
turbulent flow, if this is desired. The user can also, if he wishes, force transition to
turbulent flow at any point of the calculations, including the inlet.

Aftermixing Conditions

The displacement and momentum thickness at the rotor exit (station 1, fig. 2) can
be used to calculate the aftermixing conditions downstream of the rotor assuming that
the flow mixes to a uniform state. Application of the continuity, momentum, and energy
equations between stations 1 and 2 (fig. 2) results in the determination of aftermixing
Mach number, flow angle, pressure ratio, and kinetic energy loss. The calculation
procedure has been described in reference 5.



Subsonic and supersonic aftermixing axial Mach number solutions are possible for
this loss model when the free-stream axial Mach number at the blade exit (before mix-
ing) is supersonic. The subsonic solution corresponds to mixing plus oblique shock
losses, whereas the supersonic solution corresponds to shockless mixing. A more de-
tailed discussion of the different solutions can be found in reference 8.

DESCRIPTION OF INPUT

A description of the input for the FORTRAN IV computer program is given in this
section. The input consists primarily of rotor inlet and outlet Mach number, upper-
and lower-surface Mach number, inlet flow angle, specific-heat ratio, and total flow
conditions. Either U.S. customary units or the International System of units may be
used for input. This option is controlled by the input variable KEM. The program gas
properties are set up for air. For gases other than air the changes required to the pro-
gram are described in appendix A.

The input format is shown in table I. The input variables are

BETAN inlet flow angle, Bi’ deg

VIN inlet Prandtl-Meyer angle, Vi deg

VLOW lower-surface Prandtl-Meyer angle, v;, deg

VUP upper-surface Prandtl-Meyer angle, Yy deg

vouT outlet Prandtl-Meyer angle, Vo deg

BETAT initial estimate of outlet flow angle, Bo, deg (in the absence of a better es-
timate use BETAN)

DELV flow-turning increment (recommended value, 0.1), Ay, deg

(The flow-turning increment must be specified so that (Vi - yz)/A Vs
(vg - vy)/Bv, (yy - vy)/Av, and (v, - v )/Ap are all integers. )

GAM specific-heat ratio, y

NTURBU integer number of station on upper surface, if any, at which user wishes
turbulent boundary layer to begin (If NTURBU is set equal to zero, the
program will begin laminar boundary-layer calculations at the rotor inlet.
Value of CTHETU must be specified; see section Instructions for Prepar-
ing Input. NTURBU cannot be set equal to 1 because initial values of dis-
placement and momentum thicknesses are not available to program.)

NTURBL same as NTURBU except for lower surface



[Numbers in corners are card column numbers,]

TABLE I. - INPUT FORM

[ 9 14 17 22 25 30 33 38 41 46 49 57 62
BETAN VIN VLOW VUP vOouT BETAT DELV GAM
3l4 6|7 9 (11 19] |21 291 (31 39 |41 49( |51 59| |61 69 |71 79
Nr[hBL NVP R PTZ TTZ XMAX TE CTHETU CTHETL
5{6 1011 1516 20|21 25|26 30 31 35
KPRE KGRAD KSDE KLAM KMAIN KPROF KEM




NVP

PTZ
TTZ
XMAX
TE
CTHETU

CTHETL
KPRE

KGRAD

KSDE

KLAM

KMAIN

KPROF

KEM

integer number of points desired in velocity profile of the boundary layer at
each station (must have at least 1)

gas constant, J/(kg)(K); (ft)(1bf)/(slug)(°R)

inlet relative total pressure, N/mz; lbf/ft2

inlet relative total temperature, K; °r
blade chord, m; ft -
thickness of trailing edge (used only for aftermixing calculations), m; ft

real variable indicating ratio of momentum thickness after reattachment to
momentum thickness at laminar separation for upper surface

same as CTHETU except for lower surface

integer (0 or 1) indicating whether printing of output from PRECAL is de-
sired:
Output suppressed. . . . . . . . . . . i i i it e e e e e e e e e e 0
Output printed . . . . . . . . . . . . . .. e e e e e 1

integer (0 or 1, see KPRE) indicating whether printing of surface gradients
of velocity and Mach number is desired

integer (0 or 1, see KPRE) indicating whether printing of solutions of lami-
nar and turbulent differential equations is desired

integer (0 or 1, see KPRE) indicating whether printing of laminar calcula-
tions for location of instability and transition is desired

integer (0 or 1, see KPRE) indicating whether printing of principal calculated
boundary-layer parameters is desired

integer (0 or 1, see KPRE) indicating whether printing of velocity profiles
is desired

integer (0 or 1) indicating which of two allowable sets of units are used in
input:
U.S. customary (pounds force, slugs, feet, seconds,
degrees Rankine, and foot-pounds) . . . . . .. ... .. ... ... 0
International System (newtons, kilograms, meters, seconds,
kelvin, and joules) . . . . . . . . . . . . . .. e e e e e e e e 1



Instructions for Preparing Input

Laminar separation and reattachment. - f NTURBU and NTURBL are set equal to
zero, the program will begin laminar-boundary-layer calculations at the rotor inlet.
Because of the adverse pressure gradients that exist on the upper and lower surfaces
the program may predict separation on these surfaces. The program is set up so that
reattachment of the flow is allowed to occur, and the calculations proceed for a turbulent
boundary layer, if this is desired. Values for CTHETU and CTHETL (different from
zero), which are the ratios of the momentum thickness after reattachment to the momen-
tum thickness at laminar separation, must be specified as input. The values of CTHETU
and CTHETL can be set equal to 1, which is essentially equivalent to assuming that
transition to turbulent flow occurs at the point of imminent laminar separation. If
CTHETU and CTHETL are set equal to zero, reattachment will not occur.

Output. - Usually KPRE, KGRAD, KSDE, KLAM, and KPROF are set equal to zero.
They do not give the main output of the boundary-layer section. However, if this addi-
tional output is desired, these quantities are set equal to 1. A description of this output

is given in appendix B.

DESCRIPTION OF MAIN OUTPUT

An example of the output from the program is shown in table II. The output is given
in U. S. customary units, and each section has been numbered to correspond to the fol-
lowing description:

(1) Output 1 of the program is a listing of the input data used for the rotor design

plus a listing of miscellaneous parameters including
(a) Inlet, outlet, and surface critical velocity ratios M* and Mach numbers M.

(b) Dimensionless blade spacing G*, chord C*, and solidity SIGMA.
For each surface (lower and upper) items (2) to (5) are given for each iteration (if more
than one iteration is required).

(2) Output 2 gives the input needed by the boundary-layer program. The first two
lines of this output are a listing of the input data except for NST (which is the total num-
ber of station points) and UPMACH (which is the inlet relative Mach number). The re-
maining output is the surface coordinates and velocity distribution:

XOM dimensionless X-coordinate, X/C¥*
YOM dimensionless Y-coordinate, Y/C*
VVCR critical velocity ratio

TWAL wall temperature, K; O°R (wall temperature assumed equal to total
temperature TTZ)



1<

( BETALIN) =

24

TABLE 0. - EXAMPLE OF PROGRAM OUTPUT

DESI3N PARAMETERS

70,0000 LEG VEIN) = 39,1200 DE3 VIUP) = 49,1200 JEG V(JUT] = 39.1200 DEG BETA(DUT) = -51,15300 256
DELTA ¥ = 0.1000 JEG VILIW) = 13.1203 D&3 3AMMA = 1,4000
MISCELLANEOUS PARAMETERS
Ms(IN) = l.d257 M{INy) = 2.4999 M{IUT) = 2. 4999 Me{OUT) = 1.8257
e (LOW) = 1.5068 MILIW) = l.7448 wye) = 2.9572 Me{UP) = 1.95462
INPJT BETA(D) -61.1300 DEG
Ge{IN) = 0.5244 SIGMA(IN) = 2e 7603
cs = l.64236
G#{JUT) = 0.4210 SIGMA{QUT) = 3. 8966
ss» UPPER SURFAZE see

BOUNDARY LAYER = INPUT

NST \NVP GAM R PTL TiZ UPMACH XHMAX NTURB CTHITA rs
64 5 1.402 1714.70 676400 1313.3) 2.4932 0.04183 3 1.00u 0. L0045
KPRE KSRAD KSDE KLAM KMATIN KPR]F KEM

o [} 4] o 1 9 [}
X0oM YOM VVCR Twal

=0.49,557 =0.43070 1913.30

=0.47711 -0.38798 1.42569 1913.3C

-0.45365 -0.33725 1.82569 1312,30

~0.44013 -0.2865¢ 1.42569 1913.30

~0.42172 -0.23579 1.42569 1913.30

~0+40325 -D.1H505 1.42569 1913.30
=0.38477 -0.13433 1,42569 1913.3¢C
-0.36633 -~0,08361 1.52569 1913.20

=0.34787 -0.03z386 1. 82569 1913. 30

=0+3294) 0.01785 1l.52569 1913.36
-0.3103% 0.06858 1.52569 1312,.33

-0.30783 0.07684 lea3951 1913.30

-0.30453 0.08524 l.s531¢ 1913, 30

-0.30102 0.09367 1. ‘6663 1313430
-0.29731 0.10218 1a37993 1713,30

~0.29333 0.11080 l.43305 1913.30
~0.28721 D.1195¢ l.90601 1913.30

-0.28+73 0.128386 l.alygnl 1913.3C
-0.2801) 0.13734 1.93143 1913, 30
=0.27513 0.14048 l.94390 1913.320

~0.25985 0.15580 1. 95620 1913,30
=0.2552% 0.17872 1.9562N 1313.20
~0.2337) 0.20029 1.95620 1913.306
=0.22033 0.22033 1.75620 1912.30
-0.200237 O.c3870 1.495620 1913. 30
-0.173872 0.25524 1.95620 1J13.30
-0.1558) 0.26985 1.95620 1913.36

-0.13i53 0.28240 L. 45620 1913.20
-0.10657 0.29280 1.95620 1913.30
-0.08055 0.30098 1.5520 1913.30
-0,05411 0.30686 1.95620 1913.30
-0.02715 0,31041 1.95620 1913.30

0.00002 0.31150 1.95620 1913.20

0.02715 0.31061 1.35620 1913.30

0.05411 0. 30686 1.95620 1313.206

0.08063 0.30098 1.95620 1913.50

0.10657 0.29280 1.95620 1913.30

0.131%3 0.28240 1.45620 1313.30

0.1528) 0.26985 1. 25620 1913.3¢

0.17372 0.255¢24 l.w5620 1913,20

0.2002) 0.23870 1.95620 1913,.36

0.22033 0.,22033 1.75620 1313.30

0.2337) 0.20029 1.15620 1913.30

0.2425) 0.19354 1,45620 1913.30

04241925 0.18715 1. 743390 1313.3¢C

0.25553 0..7889 1.33143 1913.30

0.26153 U.17u74 1.41481 1913,30

0.25732 0.162608 1.'70601 1913.20

0.27273 0.45471 53305 13t3.3¢0

0.27400 0.i4681 7933 1913.30

0.28293 0.13B89€ lar6ob63 1913.3C



TABLE II. - Continued. EXAMPLE OF PROGRAM QUTPUT

0.2877% 0.13117 l.85316 1313.30
0.29223 0.12342 1.93951 1913.30
0.29655 0.11570 1.9256%3 1913.30
0.31712 0.07656 1.d2569 1913.30
0.3376) 0.04142 1.82569 1913.30
0.35%08 0. 00428 1,82569 1313.30
0.37855 -0.,03287 1.82569 1913.30
0.393)6 =~0.,07001 1.,82569 i?13.30
0.41952 ~0.10715 1.d2569 1213.30
0.4400) -0.14430 1.62569 1913.30
0.46047 -0.18l44 1.82569 1913.39
0.43035 -0.21854 1. 12569 1913.30
0.50143 =-0.25572 1.82559 1713.30

r PRELIMINARY CALCULATIONS
pSZ = 39.62063
TSz = 83044114
uz = 3571,79858
ASZ = 1428.8039
ATZ = 2143.1355
RHSZ = 0,2717091E-04
32 RHTZ = 0.2062952€6-03
MUSZ = 0.5372009E-06
MUTZ = 0.9149355E-06
NUSZ = 0.197711BE-0!
NUTZ = 0.4435073E-02
cp = 600144498
PR - 0.67232
TC = 0.4892751E-02
ARCL = 0.0737
-
(Stavron PRES UE ME POPTZ vover
1 39,6067 3571.79855 2.499452 0.053541 1.425694
2 39.64063 3571.79855 24439852 2.058541 1.825694
3 39.62063 3571.79855 2.499852 0.053541 1.323694
4 39.64063 3571,79855 2.499852 0.058541 1.325694
5 39.62063 3571.79855 24499852 0.058541 1.525694
35 6 39.62063 3571.79655 2.499852 0,058541 1.325594
7 39,62003 3571.79855 2.499852 0.058541 1.325694
8 19,62063 3571.79855 24493852 0.058541 1.825694
9 39,62063 3571.79855 2.499452 0.0585%] 1.325694
10 39,62063 3571.79855 24439852 0.058541 1.325694
11 39,62063 3571.79855 2.499852 0.058541 1.925694
L 12 37.04862 3598,83670 2.543043 0.056741 1.339514

FRINCIPAL 8JJNDARY LAYER INFIRMATIMON

INSTABILITY DOES NOT (NCUR
4< TRANSITIUN DCCURS AT STATIOY 3

SE>ARATION DUES NOT Jr.Iul

LAMINAR BOUNDARY LAYE® - STAT{ONS 1 T2 2
L TJRIULENT BODUNDARY LAYER - STATIING 3 T) 54
JIMENSIANGD 3LADE COORDINATES ANGLTS OF KOTATIIN (DE3)
JNEIRRIZTID IDRRELTTI TRANSLATED
STATION X Y YCIRR YTRAN
1 -2.42073 -(.u1835 ~0.01835 -2.033%] 70.N000
2 -0.9199+ -0.Ul623 0421753 -3,03278 70.0000
3 ~0.0iv1I -0.01411 -0,01523 -3.03033 7C.00C0
4 -0.olbel -0.01192 -0.01325 -2.02841 70,C0UQ
5 5 =J.J1l7ne ~0.7098% -0.01125 -3.026%0 70.0000
6 EIUS T -0.0077% 0,003 % -3.32433 70,00C0
7 -0,aisle -0.10562 -0.02721 -J.02237 70,0060
8 -0.91:2%2 -0.00350 -0.00518 -0.02034% 70,000
9 RN IT -0.€0132 -0.0031> -3.01830 70,0000
10 -0.31375 0.C007> -0.,00111 -3.01627 70.0000
11 —0oulsdl 9.c0287 0.032398 -0.01417 70.C0C0
12 -0eul2tsg 0.00322 0.00135 -2.01381 694000
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((STATION X

=2.020730
-2.019958
-0.019i85
-3.018413
-2.017641
-2.016868
-2.016096
-3,01532¢4
-3.014551
-2.013779
-3.013007
-2.012876

e
N=OCoENOMPWN

r

(STATION cF
1 3.

2 3.06588
3 3,00768
4 7.00688
5 3.00636
6 3.00603
7 7.00581
8 3.39566
9 .00555
10 3.00547
11 3.00559

2<

12 J.00572

( BOUNDARY LAYER = INPU

NST NVP GAM
60 5 1.40

KPRE K3RAD
]

X0M YOM
=0.,49557 -0.07642
~0.48597 -0.05078
-0.47637 =0.02653
-0.46685 ~0.00355
-0.45735 0.01824
=0.4479) 0.03895
-0.43943 0.05865
~-0.42911t 0.07740
-0.419739 0.09530
-0.41lu43 0.l1238
-0.40123 0.12871
-0.332)) 0.14434
-0.38241 0.15932
-0.37353 0..7369
=0.35443 0.18749
-0.35535 0.200175
-0.3462% 0.21350
-0.3371% 0.22578
-0.32125 D.23761
-0.31395 0.24902
-0.30983 0.26002
-0.2860% 0.28004
=0.,26032 0.30988
~0,23202 0.33136
-0.20225% 0.35032
-0.17035 0.36662
-0.13833 0.38012
~0,10472 0.39073
-0.0702% 0.39837
-0.03%92% 0.20298

0.0302) 0.40451
0.03525 0.40294
0.0702% 0.39837
0.1047) 0.3%073
0.13:35 0.38012
0.17095 0.36662
0.20225 0.350572
0.23232 0.33136
0.26002 0.50338
0.26603 0.22469
0.27K73 0.295z22
N.2R763 0.¢823>
0.2953) 0.27507
0.30913 J.26430
0.32v15 0.c5314
0.33122 O.24165
0.34233 0.224923
0.35 355 Oaclutd
0436325 0,20306
0.37653 0.189N4

TABLE II.
S DELSR
Do =0.
0.002258 0.000479
0.004516 0.000386
0.006774% 0.000433
0.009G33 0.000474
0.011231 0.000512
0.013549 0.000545
0.015807 0,000577
2.0180L65 0.000607
0.020323 0.000636
0.022%82 0.000646
0.022952 0.000669
TAU4 RTH
0. -0.
5.07481 3.0
l.33144 4.3
1.19193 be?
l.10244 5.0
1.04491 5.3
1.00701 5.7
0.98103 6.0
0,96238 603
0.94835 6.6
0.96822 6a7
0.95860 6e5
T
R
J 1714.70
KSDE KLAY
Y] (o}
VVCR THAL
1.82569 1913.30
1.81169 1913.30
1.79752 1913.30
1.78316 1313.30
1.76861 1913.30
1.75388 1913,.30
1,736895 1913.30
1.72383 1913.30
1.70850 1913.30
1.%9297 1913.30
leaT724 1713.30
1.10612% 1913.30
le64Sll 1913.30
lew2B71 1913, 30
l.61208 1313.30
1459520 1913.30
1.57807 1913.30
1. 56069 1913.30
1.564303 1913,.,30
1.52509 1913.30
50685 1913.30
1. .0685 1913.30
1.50685 1313,30
1.50685 1313,30
1.30685 1912.30
1.50685 1913.30
1.50685 1913.30
1.506895 1913.30
1.50685 1913.30
1.50585 1913.30
1.50685 1313.30
1.50685 1913, 30
1.350685 1213.30
1. 20645 1913.30
1.506985 1913.30
1.23685 1913.20
l.°068% 1913.30
..0685 19:3.30
1l..D68E 1913.37
1.53685 1913.30
1.42309 1913.50
1l.-4302 1312,.2
1.¢5069 1913,30
len7307 1912, 30
1.73520 1315.30
l./120P 1913.30
Yon2h71 1913, 30
l.ra51t 1913,.30
i1.06129 19213.30
l.67724 1913.30

- Continued. EXAMPLE OF PROGRAM OUTPUT

THET

=0.

0,000064
0. 000091
0.000099
0.000106
0.000113
0.000120
0.,000127
0.000133
0.000133
0.000143
0.000145

nTDY

0.
-261125.21
=78435.36
-70270.32
~64934,51
~-61622.55
~-59368,07
-57836.59
-56737.07
-55909.82
-57081.50
-56942.25

ss»  LOWER SURF

PTL Trz
676,80 1313.3)

KMAIN KPROF
[}

DILTA
~Je
0.000826
3.012314
J2.0)2331
0.032397
3.002490
0.002600
J.022719
3.0)2844

0.002973 .

0.023100
J.033324

AZE  ees

NUSS

3.08
2.69
3451
be4S
5.28
6.11
hadt
7.78
8,52
.78
.77

UPMACH
2.4997

K

Ev

FI3M
Tet563
T.4563
4e 2447
4, 3709
444554
4. 5081
445393
4.5567
45656
445691
4e 5296
4.5825

HTR AN

0.
-1277.6206
-384.0582
-343.8152
-318.0020
-301.4064
-290.4732
-282.9800
-277.6003
~273.5528
~279.2856
-278.6043

XMAX
J.04183

FIRMI
28534
CeB560
1.4000
1.4561
1.4936
1.5171
l.5309
1.5357
145426
1a5442
l.526¢6
l.5041

NTURB
3

LR
2,021
2,041
0.608
0.5u8
Ca60B
0. 668
U auB
0.5u8
0. 6.8
0.608
0.608
0.536

CTHETA

TE
0,0004)
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TABLE II. - Continved. EXAMPLE OF PROGRAM OUTPUT

T0

POPT2Z
0.058541
0.062548
0.066766
0,071208
0.075B78
0.080789
0.085944
0.091354
0.09702%
0.10237%
0.109206
0.115727

50

DIMENSIONED BLADE CIIRDINATES

0.3b825  0.17433 1.69297 1913.30
0.40095  0.13888 1.70850 1913,30
0441223  0.16264 1.72383 1913,30
0,4242)  0.1255% 1.73995 1913, 30
0.43553  0.10755 1. 75338 1913,20
0,44937  0.0Bb55 1.763861 1913,30
0.40182  0.06848 1.78316 1913,30
0.47473  0.0472¢4 1. 73752 1913,30
0.48793  0.02476 1.81169 1913.30
0.50143  0.00091 1.082569 1313,30
( PRELIMINARY CALCULAYIONS
274 = 39.62063
TSZ = 850.4i14
uz = 3571.79858
asz = 1428,8039
ATZ s 2143.1355
RHSZ = 0.2717091E-04
3 RHTZ = 0.2062952E-03
MUSZ = 043372009€~06
MUTZ = 0.91433556-06
NUSZ = 0.1977118E-01
NUTZ = 0.4435079E-02
cP = 6001.4498
PR = 0.67232
TC = 0.4832751E-02
L ARCL = 0.0592
STATION PRES UE 9E
1 39.62063 3571.79855 2.499852
2 42433229 3564.40982 2.457333
3 45.18726 3516.68137 2.415483
4 48.19350 3488.58292 2.374237
H 51.35440 3460.12845 2.333597
3 6 54.57762 3431,29196 24293511
7 58415675 3402.09058 2.253987
8 61.82872 3372.50253 24214980
9 65.66948 3342.52209 24176470
10 69469449 3312.14563 24138441
11 73.91059 3281.35953 24100862
12 78432432 3250.15289 2.063711
(PRINCIPAL BIUNDARY LAYER INFORMATION
INSTABILITY DOES NOT DICUR
44 TRANSITION OCCURS AT STATION 3
SEPARATION DUES NOT OCIUR
LAMINAR BOUNDARY LAYER = STATIONS 1 T3
L TURBULENT BOUNDARY LAYER - STATIINS 3
UNCORREZTED
(staTion x Y
1 -0.92073 ~0.00320
2 -0.02033 -0.00212
3 -0.01993 -0.00111
4 -0.01953 -0.,00015
5 -0.01913 0.00076
5< 6 -0.71874 0.00163
7 ~0,u1834 0.00245
8 -0.01735 0.00324
9 -0.01756 0.00399
10 -0.01717 0.00470
11 -0.ul678 D.0053%
L o1z ~0.01640 0.00606

ZOR

-0
-0
-0

RECTFO

Y2IRR
«20320
0C121
«00243

0,00035

[}
0
4]
0
o
o
0
0

«001350
«00233
200321
« 00400
+00475
. 00547
22513
+«005R]

vIVCR
1.325694
1.311694
1.797521
1.783159
1,768615
L.753875
1.738949
1.723825
1,70850!1
1.592975
1577239
1.561287

TRANSLATED

YTRAN
-0.01835
-J.01636
-J.01559
-0.01459
-J.0135%¢6
-J.021278
-0.01134
~0.01116
-0.01040
-0.00959
-0.00900
-0.00835

ANZLES UF ROTATI N

70.0000
619, COLO
68,0010
67.0000
66.0050
£5.00.0
64,000
63.00C0
62.C0,0
51,0002
60,000
59,000

to

5

}



(STATION X S JELSR THET DELTA FORM FORHI
-0.020/30 0. -0. -0. -0. T.4563 2.8586
2 -2,020328 0.001.45 0.0003249 0.000045 2,030573 742629 ZeB4L13
3 -3.019927 2.002236 0.000254 0.000063 2.011525 4.0559 1.4000
4 -0.019528 2.603277 G.000278 0.000067 9.031433 4.1361 1.4800
H -3.013131 0.004271 0.060299 0. 000071 2.031381 441341 145509
4 < 6 -2.018735 0.005:23 0.00031¢ 0.C00075 0.031348 402296 1.6121
7 -3.018342 0.0n6137 0,00033¢ 0.000078 J.031329 442462 146666
8 =D.017450 0.007014 0.000346 6.000091 2.021319 %, 2482 1.7104
9 -0.017559 0.007358 0.0¢0359 0. 006085 2.031313 4.2403 1.7512
10 ~3.01717} 0.068671 0.000371 0,000068 0.031311 4.2263 i.7870
11 -3,016783 2,009456 0.300383 0.000091 3,001312 4.2094 148251
L 12 -2,016397 0.010216 0.000395 0.000094 2.001314 4.1921 1.8609
(sTaTion CF TAUW A DroY NUSS HTRAN CRY
1 J. 0. -0. 0. 0. 0. 2.021
2 3.08363 £.76206 2.3 -374773.63 2.28 -1823.5740 1.847
3 3.00859 1.54470 3.3 -91984.48 1.51 -450,0571 0.651
4 2.00749 1.4.:355 3.2 -81970.40 2414 -401,0594 0.643
5 3.00664 1.29963 4e2 -74224.09 2.5% -363.1600 0.655
4< 6 3.00597 1.20L582 4.7 ~68292.7% 2.93 ~334.1394 0. 54T
7 3.0056y 1.13438 5.1 ~63599,87 3.27 -311.6676 0,678
8 ).00508 1.0785¢4 5.7 ~60037.27 3.58 -293.7476 0. 690
9 3,00474 1.02290 b2 -36985,88 3.88 ~278,8i77 0. 702
10 2400445 0.99348 6ot -564313,07 4elb -265,7403 0.714
11 3.00419 0.95733 Tet -518%9.48 4etl -253,6890 0.7c6
L 12 3.00395 0.9 221 8.0 -49473,16 [Y) -242.0599 0.7.9
AFTERMIXING PROPFRTIES
( RITUR WITH NO BIUNDARY LAYER C3RECTION
XMFS1 =244933 SPACING =.010733 TF =0.00040 X42 =1.5823 V/VCRL = 1.825 XMX1 = 1.207 XMX2 = 0.6641
ALPHL= 61.13) ALPH2= 66.110 PT2/PTO= 0.2R21 >T0/P2=  14.678 T2/102= 0.6653 v/vC2= 1.415 EBAR,=0.3773-
RITOR WITH BOUNDARY LAYER CIRREZTIDNV
XMFS1 =2.4333 SPACING =.J1522°5 TE =0,00060 XM2 =1.8334 V/VSR]L = 1,325 XMXL = 1.237 Xx¥X2 = 0,710
ALPHL= 61.130 ALPHZ= 67.221 PT2/PTG= 0.4543 PTO/Pc= 13,310 T2/TF0= 0,5980 V/VC12= 1.553 ERAR?=0.23088
64 SJPERSDNIC SOLUTIUN
XMFS1 =2,4332 SPACING =,315225% TE =0.00240 X942 =2,4299 V/VCRL = 1,325 XMXL = 1,207 X4X2 = 1.476
ALPHL= 61.13) ALPM2= 52.603 PTZ2/PT0= 0.4847 PTO/P2=  31.632 T2/T70= 0.45B5 Vv/VC2= 1,802 EBAR2=0.13064
ITERATIIN COMPLETED
BETA(IJT) = -61.1330 DEC Se{IN) = 0.59633 58{2UT) + DELIYNTALY = 0.59712
Ge(IN) = 0.9744 SIGMA{INY = 2.7603
s o= 1.540%
Ge(JUT) =  0.6421C SIGMA{OUTY = 3 r966
-
*01= UNITO5, EOF. REZ: 00002 FIL= 00002

TABLE H. - Concluded.

EXAMPLE OF PROGRAM OUTPUT

ETA-N=0.6-27

ETA-N=0.7091

ETA-N=0,8" 34
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(3) Output 3 lists the properties calculated for the upstream conditions:

PSZ

TSZ

Uz

ASZ (ATZ)

RHSZ (RHTZ)

MUSZ (MUTZ)

NUSZ (NUTZ)

CcPp

PR
TC
ARCL

upstream static pressure, N/mz; lbf/ftz
upstream static temperature, K; °R
upstream velocity, m/sec; ft/sec

speed of sound based on upstream static (total) temperature,
m/sec; ft/sec

static (total) density based on upstream static (total) temper-
ature, kg/m3; slug/ft3

dynamic viscosity based on upstream static (total) tempera-
ture, (N)(sec)/mz; (lbf)(sec)/ft2

kinematic viscosity based on upstream static (total) temper-
ature, mz/sec; ftz/sec

specific heat at constant pressure, J/(kg)(K); (ft)(Ibf)/
(slug)(°R)

Prandtl number
thermal conductivity, J/(m)(sec)(K); (ft)(Ibf)/(ft)(sec)(°R)

total distance along surface, m; ft

The next part of this output gives the variables describing the flow along the surface:

occur.

14

PRES  static pressure, N/m2; Tof/ft2

UE free-stream velocity, m/sec; ft/sec

ME free-stream Mach number

POPTZ  static-to-total pressure ratio

VOVCR critical velocity ratio

(4) Output 4 corresponds to KMAIN. It indicates the regions of laminar and turbu-
lent boundary layers, and the stations at which instability, transition, and separation

It gives all the principal boundary-layer output parameters:

X X-coordinate, m; ft

S surface length, m; ft

DELSR  displacement thickness, m; ft

THET momentum thickness, m; ft



DELTA Dboundary-layer thickness, m; ft
FORM compressible form factor

FORMI incompressible form factor
- The next part of the output gives the skin-friction and heat-transfer parameters:

CF skin friction coefficient at wall

TAUW  shear stress at wall, N/m2; Iof/ft2

RTH momentum-thickness Reynolds number

DTDY slope of temperature profile at wall, K/m; 0R/ft

NUSS local Nusselt number

HTRAN heat transfer per unit area, J/(sec)(mz); (ft)(lbf)/(sec)(ft2)
CRN Reynolds analogy parameter

(5) Output 5 gives the ideal and corrected surface coordinates. Translated surface
coordinates are also provided so that coordinates for a blade profile may be obtained.

(6) After the output for both surfaces is given, the final output, numbered 6, lists
the aftermixing properties. Variable names ending in 0 refer to the upstream station,
while those ending in 1 refer to the rotor exit (before mixing) and those ending in 2 refer
to the mixed relative conditions downstream of the rotor. The output consists of rotor
exit free-stream Mach number (XMFS1), rotor exit spacing (SPACING) in m (ft),
trailing-edge thickness (TE) in m (ft), Mach number (XM2), axial Mach numbers (XMX1
and XMX2), critical velocity ratios (V/VCR1 and V/VCR2), flow angles measured from
axial direction (ALPH1 and ALPH2) in degrees, total-to-total pressure ratio (PT2/PTO0),
total-to-static pressure ratio (PT0/P2), static-to-total temperature ratio (T2/TTO),
rotor Kinetic energy loss coefficient (EBAR2), and rotor efficiency (ETA-N). Also
printed are some miscellaneous parameters for the corrected blade profile including the
final outlet flow angle and solidity.

PROGRAM DESCRIPTION

The program SSROTR designs supersonic rotor blades corrected for boundary-layer
displacement thickness. The program uses the input value of the outlet flow angle
(which controls the outlet circular turning) for the initial design. If the corrected outlet
spacing is not equal to the inlet spacing, the program estimates a new value of outlet
flow angle and repeats the design. The iteration procedure is essentially a half-interval
search. The program input consists essentially of the surface Mach number distribution

15



and total flow conditions. The primary output is the corrected blade profile and the
boundary-layer parameters.

The program SSROTR is logically divided into two parts: (1) an ideal rotor design
section, and (2) a section to calculate the boundary-layer parameters and aftermixing
conditions. The ideal rotor design section consists principally of subroutines ROTORU
and ROTORR. The boundary-layer section is controlled by subroutine BLAYR. The
major subroutines called by BLAYR are PRECAL, LAMNAR, TURBLN, and AFMIX.

SUBROUTINE ROTORU

Subroutine ROTORU calculates the upper- and lower-surface transition arcs by the
method of characteristics. The description of the method and the main dictionary of
variables are given in reference 2. This routine is called only once for any given blade
design. The program variables for ROTORU that are not in reference 2 are
ETALOW angle of tangent to lower surface, measured from axial direction
ETAUP angle of tangent to upper surface, measured from axial direction
GAMMI GAM-1, vy -1
GAMPI GAM+1, y + 1
STML lower-surface critical velocity ratio

STMU upper-surface critical velocity ratio

SUBROUTINE ROTORR

Subroutine ROTORR calculates the rotated ideal passage coordinates, as well as the
inlet and outlet passage spacing based on the current value of outlet flow angle. This
routine is called once for each iteration of outlet flow angle. The description of the
method and the main dictionary of variables are given in reference 2. The variables
for ROTORR that are not in reference 2 are
ETACL angle of flow along lower-surface circular arc -

ETACU angle of flow along upper-surface circular arc
ETALN angle of flow along lower-surface inlet transition arc

ETALO angle of flow along lower-surface outlet transition arc

ETASN  absolute value of inlet flow angle

16



ETASQO  absolute value of outlet flow angle
ETAUN angle of flow along upper-surface inlet transition arc

ETAUO angle of flow along upper-surface outlet transition arc

SMLN lower-surface critical velocity ratio for inlet
SMLO lower-surface critical velocity ratio for outlet
SMUN upper-surface critical velocity ratio for inlet
SMUO upper-surface critical velocity ratio for outlet

SUBROUTINE BLAYR

Subroutine BLAYR provides calls for the calculation of the boundary-layer charac-
teristics and the mixing losses. The major subroutines called by BLAYR are PRECAL,
LAMNAR, TURBLN, and AFMIX. These, in turn, call several other subroutines. The
methods used for calculating the boundary-layer characteristics and the program de-
scription are given in reference 4. The Lagrangian interpolation routine of reference 4
has been replaced by a linear interpolation.

Since a highly favorable pressure gradient exists for some portions of the blade
surfaces, the range of the equations of reference 6 were extended by the method given
in reference 6. These changes were made in LAMNAR and are for SW (temperature
function at the wall) = 0. These changes are noted in the program with comment cards.
Two curve-fit ranges were also extended. RCRIT and DIFF were extended as follows:
RCRIT = 8. 3163 when SHAPK is greater than 0.07; and DIFF = 44 000 KBAR + 700
when KBAR is greater than 0. 03.

SUBROUTINE AFMIX

Subroutine AFMIX takes the boundary-layer parameters (displacement and momen-
tum thicknesses) and the free-stream conditions at the rotor exit and calculates the
aftermixing conditions by the method described in reference 5. In this loss model the
flow sufficiently downstream of the blades is assumed to be mixed to uniform conditions.

The calling sequence for AFMIX is CALL AFMIX (ALPHI, DELS, DELP, THETS,
THETP, TE, SP, XMFSI), where

ALPHI rotor exit flow angle measured from axial direction
DELS displacement thickness at rotor exit for suction (upper) surface
DELP displacement thickness at rotor exit for pressure (lower) surface

17



THETS momentum thickness at rotor exit for suction surface
THETP momentum thickness at rotor exit for pressure surface
TE trailing-edge thickness

SP exit spacing

XMFSI free-stream Mach number at rotor exit

The subroutine description and the main dictionary of variables are given in reference 3.

PROGRAM LISTING

$IEFTC SSROTR DECK

C COMBINED ROTCPR-BOUNDARY LAYFR PRCGRAM

COMMCN/CODE/KCDE,DELSRL, DELSRY
COMMON/CTOBL/ALPH1,SPA, XMAX,TE, 8NTIRBU,NTURRL, CTHET!, CTHETL
COMMON/LKK1/XOML (100) ,YOML (109) ,S¥L (10C) ,ETAML(100) ,NL, XONU (100),
1 YOMU(100),SMU(100) ,ETAND {170) , NI
COMMON/LNK2/SMIN, SMO'T, RETAT,CSTAP,SIGHMAN,GSTAPN, GSTART ,GANNMA,

* CONVER,RECCNV

COMMON/RGT1/V (4) ,BETAN,NKJ(5), PR (4)
COMMON/C1/DUM1(7) ,NTURR,DIUM2 (6) ,CTHET,DUM3 (310)

DIMENSION X (100),Y(100)

1 BETAP = 0.
3ETAM = 0.
C CALCULATE 0ONROTATED BLADE COORDINATFS

CALL RCTORU
CALL INPUT?

CALB = 0.
o CALCULATE PROTATED RBLADE CJORDINATES
) 2 CALL RCTCRR (CALD)
CALB = 1.
C KRORMALTZE ROTATED PLADE COOQORDINATES TN CHORD LENGTH

DO 3 I=1,NU

X(I) = XCMU(I)/CSTAE
3 Y(I) = YCMOU(I)/CSTA®
KODE = 0

NTORB = NTUTRU
CTHFT = CTHETU
CALL INPUT2 (X,Y,SHU,ETANMI,NI)
C CALCULATE UPPER SURFACE FOTNDMRY LAYFR
CALL PLAY?

NORMALIZE ROTATED BLADE COORDINATFS TO CHCED LFENGTE
DO 4 I=1,NL
X(I) = XOML(I)/CSTAF

O
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4 Y(I) YCML (I) /CSTAR
KODE 1
NTURB = NTURBL
CTHET = CTHETL
CALL TINPOT2 (X,Y,SWHL,ETRML,NL)

C CALCULATE LOWER SURFACE POUNDARY LAYER
CALL BLAYR

C CHFECK FOR EQUAL SPACINS AT TINLET AND OUTLFT
DELTOT (DELSRL + DELSRU)*CSTAR

i

OUTSPA GSTARO + DELTOT/COS(RETAT*CCNVER)

ELIMIT = .0CO1*CSTAR/XMAX

IF (ABS(GSTARI - OUTSPA) .LE. ELIMIT) GO TO 5

IF (OUTSPA .GE. GSTARI) BRETAP BETAT

IF (OUTSPA .LT. GSTARI) BETAN BETAT

GSTARO = OUTSFEA

IF (BRETAPDP .NF. 0. .AND, RETAM .NE, C.) GO TO 6

C CALCULATE NFW OUTLET FLOW ANGLE

BETAT = —ARCOS (COS(BEETAN)*SMIN/SMCUT*((1. + (GAMMA~1.)/2.%
* SMOUT*SMOUT)/{1. + (GAMMA-T1.)/2.%SMIN*SMIN)) ** ((GAMMA+I.) / (2.%(
* GAMMA-1.))) + DELTOT/GSTARI) *RFCONV

GO TO 2

6 BETAT = (BETAP + BETAM) /2.
GO TO 2

5 WRITE (6,100) BETAT,GSTARI,OUTSPA
100 FORMAT (//5X,19HITERATION COMPLETED/7X,11EBTTA (OUT) =,F10.4,4H DEG
*,10X,8HG* (IN) =,F10.5,10X,22HG* (OUT) + DEL(TOTAL) =,F10.5)

CALB = 2.

CALL ROTORR (CALR)
GO TO 1

END

$IEFTC INPU1 CECK
SUBROUTINE INPUTI

C POUNDAPY LAYER INPUT

COMMON/LTU/LDAT

COMMON/LNK2/UPKAC,SMOUT, ALP1M,CSTAR,SIGMAQ, GSTARO, GSTARI, GANMA,

* CCNVER,RECCNV
COMMON/CTOBL/ALPH1,SPA, XMAX,TE, NTUPRI, NTUPRL, CTHETU, CTHETL
CGMMCN/C1/GAM,R,PT2,TT?%,UPKACE, NST,NVP,NTIIRB,KPV¥, KEM, KSMTH,
1KSPLN,XLF,KATCH,CTHFT,DLAM,TLAN,DTUDRP, TTURB,KPRE,KGRAD, KSDF,KLAN,
2KMAIN,KPROF,X (100) ,Y(100) ,PRFS (100) ,UF (100} ,ME(100) ,POPTZ (100},
3VOVCR (100) , TWAL (100) ,ETA (100)

RFAC (LDAT,100) NTU®BU,NTURBL,NVF,F,PT?,TTZ,XMAY,TE,CTHETU,CTHETL
100 FORMAT (3I3,1X,7(F9.5,1X)) _
READ (LDAT,1010) KPEE,KGRAD,KSDF,KLAM,KMATN,KPROF,KEM
1010 FORMAT (7I5)

GAM = GAMMA
OPMACH = UPHMAC

RETURN
END
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$IBFTC ROTU LIST,DECK |

SUBROQUTINE EOTORU

C***xCALCULATE THE UNROTATED BLADF COCRDINATES

cC

20

COMMON/LTU/LDAT
COMMON/FACTOR/PERM,GAMM1,GAMP1,GAN
COMMON/ROT1/VIN,VOUT,VLOW,VUP,BETAN, NFEP, KXAXN, KKAXO, JMAXN, INAXO,
1 RIN,ROUT,RLCW,RUP
COMMON/ROT2/XLOW (400) ,YLOW (400) ,STML (400) ,FTALOW (400) ,KNDEX,

1 XUP(400),YUP (400),STMU (400) ,ETAUP (400) ,INDEX
COMMON/LNK2/SMIN,SHOUT,RETAT,CSTAR,SIGMAO,GSTARO,GSTARI,GAMMA,

* CONVER,RECCNV

LOGICAL ANGLE
EXTERNAL FGFRS
DATA LDAT/S/

F(V,FN) = 2.%V — HALFPI* (PERM-1.) - 2.%(FN-1,)*DELV

1 READ {LDAT,11) BETAN,VIN,VLOW,VUP,VOUT,BETAT,DELV,GAM
11 FORMAT (B({F6.2,2X))

CONVERSION FACTORS AND CONSTANTS
GAMMA = GAM

CONVER = ,174532925E-01
RECONV = 57.2957796
HALFPT = 3.14159265/2.

ONE POINT WILL BE PRINTED FOR EVERY NPER POINTS CALCULATED
NPER = 10
IF (DELV .GE. 0.2) NPER = 1
GAMP1 (GAM + 1.)/2.
GAMMI (GAM-1.) /2.
PERM = SORT (GAMP1/GAMM1)
X0 = 1./PERM
X2 = 0.999999999
XINTL = (X0 + X2)/2.

ANGLE = .TBUE.
IF (VLOW .LE. AMIN1(VUP,VIN,VOUT)) GO TO 120

WRITE (6,119)

119 FORMAT (//31X,70HV(LOW) MUST BE LESS THAN OR EQUAL TO THE MINIMUM'

10F V{UP) ,V(IN),V(OUT))
ANGLE = .FALSE.

120 IF (VUP .GE. AMAXT(VIN,VOUT)) GC TO 118

WRITE (6,117)

117 FORMAT (//33X,66HV{(JP) MUST RF GREATER THAN OR EQITAL TO THE MAXINU

1M OF V(IN),V(OUT))
ANGLE = .FALSE.

118 VUMAX = HALFPI* (PERM~1,) *RFCONV

IF (VUP .LE. VUMAX) GC TO 116
WRITE (6,115) VUMAX

115 FORMAT (//41X,37HV(UP) MUST BY LESS THAN V(UP) (MAX) = ,FQ.4,4H LDEG

1
ANGLE = .FALSE.



CcC

CcC

CcC

CcC

116

97

16

17

18

35

Qu

IF (.NOT. ANGLE) GO TO 1

WRITE (6,97)
FOIMAT (1H1,57X,17THCESIGY PARMMETFFS)

MISCFLTANECUS CALCULATIGNS

DELV = DELV*CCNVER

FN = 1.
V = VIN*CCNVER
DO 4 I=1,2

FOFX = F(V,FN)

CALL FOOT (X0,X2,¥INTL,FOFX,FOFRS,X1)
IF (I .EQ. 2) GO TO 4

RIN = X1

V = VOUT*CONVER

CONTINUE

ROUT = X1

SSMIN = 1./RIN
SS¥0UT = 1./R00T
SMS = SSMIN
I =1

SM = SORT(((1./GAMP1) *SKS*SMS)/ (1.- (GAKM1/GANP1) ¥SHS*SHS))

Go To (17,18,19,20),1I
SMIN = SH

SMS = SSMOUT

I =2

GO TO 16

SMOUT = SHM

DELV = DFLV*RECONV

FRINT ALL TDFSIGN PARAMETERS
WRITE (6,95) BETAN,VIN,VODP,VOUT,RFTAT

FORMAT (/2X,10HBETA(IN) =,FB8.4,4H DEG,4X,THV (IN)

1 7HV(UP) =,F9.4,4Y4 DEG,7X,8HV(0UT) =,F8.4,4H1

2,F9.4,4H DEG)
WRITE (6,94) DELV, VLOW, GAM

DEG,4X,1THBETA (0UT)

FORMAT (,/20X,9HDELTA V =,F8.4,41 NEG,11X,8HV(LOW) =,F8.4,4H DEG,

1 11X, 7HGA¥MA =,F8.0)

CONVERT FRCF¥ DEGRWES TO RADTANS
VIN = VINXCCNVER

VOuT = VOUT*CCNVER

VUP = VUP*CCNVER

VIOW = VLOW*CCNVER

BETAN = BETANXCCNVEPR

DFLV = DFLV*CCNVFEFP

CHOOSE LONGFST TRANSITION ARC OF LCWER

VNL = VIN - VLOW
KMAXK = (VNL/DELV) + 0.5
VCL = VONT - VLOW

RKMAXO = (VOL/DELV) + 0.5
KMN = MAXO (KMAXN,KMAXO)
V = AMAX?1(VIN,VOUT)

SURFACE

=,FR.4,LH DEG,6X,

21



CcC

cC

cC

cC

cC

w N

CALCULATE "*(LOW)=RLOW, M*x(LCW)=SSMLCW, M (IQH)=SYLOW
IF (VILOW .EC. 2.0) GC 7C 2

FN = KMN + 1

FOTX = ¥ {(V,FN)

CALL PCCT (X0,X2,XINTL,FOFY,FCFRS,PIONW)
GC TO 3

RLOW = 1.0

SSMICK = 1./RLOW

SMS = SSMLOW

I = 3

GO TO 16

19 SMLOW = SH

SET INITIAL PFOINTS FCR LCWFP ARC CAICUOLATICKS
KNDEX = RMN/NFER
KDEX = KNDEX

STML (KDEX+1) = SSHLOW
XLOW (KEDEX+1) = 0.0
YLOW (KDEX+1) = RLOW

ETALOW (KDEX+1) = 0.

PHIKP1 = - (V-VLOW) + FLOAT (KMN)*XDELYV

UMKP1 = ARSIN(SORT{GAMP1*RLOWXRIOW - GAMMT))
TXLO = XLOW (KDEX+T)

TYLO = YLOW(XDEX+1)

CHOOSE LONGEST TRANSITION ARC OF UPPER SURFACF
VUT = VUP - VCUT

JMAXC = (VUT/DELV)+0.5

VUI = VUP - VIN

JMAXN = (VUI/DELV)+0.5

JMN = MAXO (JMAXC,JHNAXN)

Vv = AMINT(VCUT,VIN)

CALCULATE R* (UP)=PUP, M*(UP)=SSMUP, M (UP)=MDP
FN = —(JMN+1) + 2

FOFX = F(V,EN)

CALL ROOT (X0,X2,XINTL,FCFX,FGFRS, RUP)

SSMUP = 1./RUP

SMS = SSMUP

I =4

GO TO 16

20 SMUP = SH

SFT INITIAL FCINTS FCR? UPPER ARC CAICULATIONS
JNDEX = JMN/NPER .
JDEX = JNDFX

STMU (IJDEX+1) = SSHUPD
XUP(JDEX+1) = 0.0
YUP (JDEX+1) = RUP

ETAUP (JDEX+1) = 0.

PHIJP1 = — (VUP~V) + FLCAT {JMN)*DELY

UMJIP1 = ARSIN(SORT (GAMPT=RUP*RUP — GAMM1Y))
TXUP = XUP (JDEX+1)

TYUP = YUP (JDEX+1)

IF (VIN .EQC. VLOW L(AND. VLOW L(EQ. VOUT) GC TO 170

C**xxCALCULATE COCRDINATES FOP LOWER TRANSITICN ARC - UNROTATED
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KDEX = KNDEX + 1

NUM = O
V = AMAX1(VIN,VOUT)
KFEP = KMN + 1

Do 30 KK=1,KMN
K = KEEP - KK
Ni® = NOM + 1

PHIK = PHIKE1 - DELV
FN = K
FOFX = F(V,FN)

CALL RNOT (X0,X2,XINTL,FOFX,FCFRS,TR)
TX = TR*SIN (PHIK)

TY = TR*COS (PHIK)

EMWK = TAN (-PHIKP1)

UMK = ARSIN (SCRT (GAMP1XTR*TR - GAMM1))
EMK = —TAN((PHIK+UMK+PHIKP1+UMKP1) /2.)
TEMP = TYLO — EMWK*TXLO

TEMPP = TY - EMK*TX

TEMPPP = EMK - EMWK

TXLO = {TEMP - TEMPP)/TFMPPP

TYLC = ((EMK*TEMP) - (FMWK*TEMPP))/TEMFPP
PHIKP1 = PHIK

UMKP1 = UMK

cc SAVE EVERY "NPER—TH" POINT
N = NUM - (NUM/NPER) *NPEPR
IF (N .GT. 0) GO TO 30
KDEX = KDEX - 1

STML (KDFX) = 1./TR
XLOW (KDEX) = TXLC
YLOW (KDEX) = TYLO
ETALOW (KDEX) = —PHIK

30 CONTINUE

100 IF (VIN .EQ. VOP ,AND. VUP .REO. VOUT) GO TO 200

Cx*xxCALCULATE COCRDINATES FOPF UPPER TRANSITTCN ARC — UNROTATED
JDEX = JNDEX + 1
NOM = O

V = AMIN1T{VCUT,VIN)

JFEP = JMN + 1

DO 41 JJ=1,JMN

J = JEEP - JJ

NUM = NUM + 1

PHIJ = PHIJE1 - DELV

FN = =J + 2

FOFX = F(V,FN)

CALL ROOT (X0,X2,XINTL,FCFX,FOFES,TR)
TX = TR*SIN(FHIJ)

TY = TR*CNS (PHTJ)

EMWJ = TAN(-PHIJP1)

UMJ = ARSIN (SOPT (GAMP1*TRATR - GANK1))
EMJ = TAN((~-PHIJ+UMI-PHIJP1+UFIP1) /2.)
TFMP = TYUP — EMWJ*TXUP

TEMPP = TY - EMJI*TX

TEMPPP = EMJ - FYWJ

TXUE {TEMP - TEMPP)/TEXPPD

TYU®D ((EMJI*T®MP) — (EFWJ*TFMPP)) /TFMEDPD
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PHIJP1 = PHIJ
UMJIP1 = UMJ

cC SAVE EVFRY "NPER-TH" PCINT
N = NUM - (NUM/NPER) *NPEPR
IF (N .GT. () GO TO u1
JDEX = JDEX - 1
STMU (JDFEX) = 1./TR
XUP (JDEX) = TXUOP
YUP (JDEX) = TYUP
ETAUP (JDEX) = -PHIJ

41 CONTINUE

CC  MISCELLANECUS OUTPUT
200 WRITE (6,622)
622 FORMAT (//54X,28HMISCELLANEOUS PARBMETERS//)
WRITE (6,1000) SSMNTN,SMIN,SMOUT,SSMCUT
1000 FORMAT (/25X,8HM*(IN) =,F9.4,3X,7HM (IN) =,F9.4,10X,8HY (OUT) =,F9.4
1,5X,9HM* (OUT) =,F9.4)
WRITE (6,10C1) SSMLCW,SMLOW,SMUP,SSMUF
1001 FORMAT (/25X,9UM*(LO¥) =,F9.4,2X,8HM (LOW) =,F9.4,11X,7HM (UP) =,
* F9_U4,6X,8HE*(UP) =,F9.4)

KNDEX = KNDEX + 1
JNDEX = JNDEX + 1
RETURN
END

$IEFTC ROO DECK

SUBROUTINE EOOT (X0,X2,XINTL,FOFX,FUNC,XT)

DOUBLE PRECISION X,XX0,X¥X2

WE ARF SEEKING AN X SUCH THAT FUNC(X) = FOFX WHERE FOFX IS A KNOWN

C
C FONCTIONAL VALUFE
C 1 LOCATE FOFX IN (F0,FX) OR (FX,F2) WHERE FX IS THE PREVIOQUS
C APPROXIMATION TO FOFX
c 2 LET X = 1/2(XX0+X) OFR X = 1/2(X+XX2)
C 3 IS FUNC(X) = FOFX ? TIF ¥OT, RFPEAT PROCELURE
XX0 = X0
XX2 = X2

FO = FUNC {XX0)
F2 = FUNC({XX2) :
IF ( FOFY .LT. F0 .AND. FOFX .IT. F2 .OR., FOFX .GT. FO .AND.

1TFOFX .GT. F2 ) GO TO 1005

IF (ABS(FOFX-FQ) .LF. .C0007) GO TO 1007
IF (ABS(FOFX-F2) .LE. .000017) GC TC 1008

X = XINTL
KQUNT = 0
1000 X1 = X
KCUNT = KOUNT + 1
A = FOFX - F2
FX = FUNC(X)
IF (KOUNT .GE. 60) WRITF (6,1004) KCUKT,X,%X,FOFX

24



1G4 FORMAT (1HL,9H KOUNT ,G16.¢,9H X G16.9,9H FX 51629,
194 FOFX ,G16.9)
I¥ (ABS({FX-FOFX) .lE. .C0301) RETUFX
IF (KCUNT .EQ. 75) GO TO 1202
IF (A* (FX-FCFX) .LT. 0.) GO TO 1001

XX0 = X
X = (X+XX2) /2.
GO TO 1000

101 XX2 = X
X = (XX0+X)/2.
F2 = FX
GO TO 10C0

1002 WRITE (6,1003)

1003 FORMAT (//30X,62H75 ITERATIONS HAVE BEEN PERFORMED WITHOUT CONVERG
1ING TC A ROOT)
RETURN

105 WRITE (6,1006) FOFX
1006 FORMAT (,//10X,7HF(X) = ,G16.9,31H IS CNTSIDFE OF SPECIFTED LIMITS)

RETURN

1€07 X1 = X0
RETURN

1008 X1 = X2
RETURN

END
$IBFTC FELI DECK
FUNCTION FOFRS (X)

DOUBLE PRECISION X
COMMON/FACTOR/PERM,GAMMT,GAKDP1,GAN

ARGT = 2.*%GAMM1/ (X*X) - GAM
ARG2 = 2.%GAMP1*X*X -~ GAM
IF (ABS (ARG1) .GT. 1.0 .OR. ABS (ARG2) .GT. 1.0) WRITF (6,1) ARG1
1,ARG?2

1 FORMAT (//14X,61THARGUMEKT OF ARCSI¥ IS OUTSIDF DOMAIN OF DEFINITIO
N ARG = ,G16.9,11H ARG2 = ,G16.9)

FOFRS = PERM*ARSIN (ARG1) + ARSIN(AFG2)

RETURN
END
$IBFTC ROTR LIST,DECK
SUBROUTINF ECTORR (CALZ)
C CALCULATE (1) POTATED BLADE CCCEDIXATFS
c : (2 INLET AND GUTLFT ELATE SEACING

DIMENSICN XLOWN(80),YLOWN(80),SMLN (80),ETALN (80),XCLOW(35),

1 YCLOW (35) , ETACL (35) ,XLOWO (R0) , YLOWO (80) ,SMLO (80) ,ETALD (80)
DIMENSION XSN(11),¥YSN(11),FETASN(11),XUPN(80) ,YUPN(80),SHUN(80),

1 ETAUN(80),XCUP(35),YCUF(35),ETACU(35),XTPC (R0),YUPO(RN),SHIN(RC),
2 ETAUO(80) ,XSO({11),¥YSC(11) ,FTASO(11)

COMMON/LNK1/XOMT, (100) ,YCHL (100) ,SML (100) ,FTANKL (100) ,NL,XOXU (100},
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1 YOMU (100) ,SMU(100) ,ETAMI(100) ,NU

COMMON/POT1/VIN, VNUT , VLOK, VIDP , BFTAN, NPEP,KMAXN, P¥AXC, JMAXN, JMAKC,

1 RIN,FCGUT,RLCW,RUP
COMECN/ROT2/XLOW (420) ,YLOK (4P0) ,STHFL (400) ,FPALOW (400} ,KNDEX,

1 XUP(40C) ,YUP (400),STHII(400) ,TTAUP (400) ,JHDEY
COMMON/LNK2/S%TN,SMONUT, FFPAT,CSTAR,STGHMAO,GSTARO,GSTART,GANMA,

* CONVER,FFCCNV

IF (CALZ2 LNE. 0.) GC T0 2
WRITE (6,10") BETAT

100 FORMAT (//10X,15HINPUT BFTA(0) =,710.4,08H DIG///)
GC TC 3

2 IF (CALB .NE. 1.) GO TO 3
WRITE (6,101) BETAT,GSTARO

101 FORMRT (//10X,20HCALCULATED BFTR(0) =,F10.4,4F DTG,5X, T4HWHEN G6* (0

1Ty =,F10.5)
3 BETAT = BFTAT*CONVER

ALPHLN = (VIN - VLOW) - PETAN
ALPHLG = —(VOUT - VLO¥) -~ BFTAT
IF (ALPHLN .LE. Q. - ANC. ALPHLGO .GE. 0.) GO TO 4
WRITF (6,102)
102 FORMAT (//27X,79HV (LO¥) MIST PE GRFATFRE THAN OP FOUAL TO V(IY)
TETA(IN) AND V(QUT) + RETA (CUT))
STNP

I

C***x*xCALCULATE COCRDINATES FCF LOWFR TFANSITICN ARC - RQTATED
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4 STNALN = SIN(ALPHLN)
COSALN = COS (ALPHLN)
ABSALN = ABS (ALPHLN)
SINALO = SIN(ALPHLO)
COSALO = COS (ALPHLO)
ARSALGC = ABS (ALPHLO)

KDEX = KNDEX + 1

KN = (KFAXN/NPER) + 2
KO = (KMAXO/NPEPF) + 2
DO 5 KK=1,KNDFX

K = KDEX - KK

KN = KN — 1

KQ = KO - 1

IF (KN .IE. 0) GC To A
SHLN(KN) = STML (X)
XLOWN (KYN) YLOW (K) *STXAIN + XICW (X)*CG3ALY
YLOWN (K W) YLOW (¥) *COSALN — XICW(K)*SINALY
ETALN (KN) FTALOW (K) + ARSALN

6 IF (KO .IE. 0) GO TO 5
SMLO(KO) = STH¥L (K)

W

XLOWC (KO) = YLOW (K)*SINALO - XLCW(K)*CNSALO
YLOWO (KC) = YLOW (K) *COSAT. + XLCW (K)*SINALO
FTALO(KC) = ETALOW(K) + ABSALD

5 CONTINUE

ALPHUN = (VUP — VIN) — BFTAN

ALPUUC = = (VP - VOP'Ty - RETAT

IF (ALPHUN .LE®. 0. LAND, AIPHUO .5E. Ny Go To 7
WRITE (5,103)



103 FORMAT (//2X,75HV(UF) MUST RE LFESS THAN OR FECUAL T0O V(IX) + RETA(T

1N) AND V(OUT) - RETA (QUT))
STOP

Cx***xCALCULATE COORDINATES FOP UPPER TRAKRSITIOK ARC - ROTATFD

7 SINAUN = SIN(ALPHUN)
COSAUN = COS (ALPHUNX)
ABSAUN = ABS (ALPHUN)
SINAUO = SIN (ALPHUO)
COSAUO = COS (ALPHUO)
ABSAUC = ABS (ALPHUD)

JDEX = JNDEX + 1
JN = (JMAXN/NPER) + 2
JO = (JMAXO/NPER) + 2

DO 8 JJ=1,JNDEX

J = JDEX - JJ

Jo = Jo - 1

JN = JN - 1

IF (JO .LE. 0) GO TO 9

SMUO (JO) = STMU(J)
XUPO(JD) = YUP(J)*SINAUG - XUD(J)*COSAUO
YUPO (JO) = YUP(J)*CGSAUC + XUP (J)*SINAUO

ETAUOC (JO) = ETAUP(J) + ABSAUO
9 IF (JN .LE. 0) GN TO 8

SMUN (JON) = STMU(J)
XOPN(JIN) = YUP(J)*SINAUN + XUDP(J)*CCSAUN
YUPN(JN) = YUP(J)*COSAUN - XUP(J)*SINAUN

ETAUN {(JN) = ETAUP(J) + ABSAUN
8 CONTINUE

C*¥x*CALCULATE THE INLET AND QUTLET (DIMFNSIONLESS) BLADE SPACING

YLASTI = YUPN(1) + TAN(BFTAN)* (XLO¥N{1) — XUPN(1))
GSTART = YLOWN(1) - YLASTI
YLASTO = YUPO(1) + TAN(BETAT)*(XLO¥O (1) - XUPO(1))
GSTARO = YLCWC (1) ~ YLASTO

DALPH = 5.%CCNVER
C**x*CIRCULAR ARC (LOWER)

ALPH = ALPHLO + DALPH
ALPLOW = ALEFHLN
KOUNT = O

10 KOUNT = KOUNT + 1
XCLCW (KOUNT) RLOW*SIN (ALPLOW)
YCLOW (KCUNT) RLOW*COS (ALPLOW)
ETACL (KOQUNT) = ABS(ALPLOW)
ALPLOW = ALPLCW + DALPH
IF (ABS(ALPE-ALPLOW) .LF. .001) GO TO 11
IF (ALPHIO .I1T. ALPLOW L.AND.
GO TO 10

11 NCL = KOUNT

noh

Cx**x*CIRCULAR ARRC (UPPER)
ALPH = AIPHUC + DALPH
ALPHUP = ALFHUN
KQUNT = 0

ALPLCW .LT. ALPH)Y ALPLOW

= ALPILO

27



12 KCUNT = KCUNT + 1

XCUP (KGUNT) = RUP*SIN(ALPHUP)
YCUP (KCUNT) = RUP*COS(ALPHUP)

ETACU(KQUNT) = ABS(ALPHUP)

ALPHUP = ALPHUP + DALPH

IF (ABS(ALPH-ALPHUP) .LE. .9501) GO TO 13

IF (ALPHUO .LT. ALPHUP .AND. ALPHUP .LT. ALPH) ALPHUP = ALPHUOQ.
GO TO 12

13 NCU = KCOOUONT

C*¥*+*xCALCULATE COORDINATES FOR STRAIGHT LINFE POPTIAON OF UPPFR ARC

106

KGUNT = 1
IF (XLOWN(1) .LE. XUPN(1)) GO TO 15

WRITE (6,106)

FORMAT (8HO (FOTRR),U4X,71HUPPER SOHRFACE TNLFT LONGER THAN LOWER SUR
*FACE INLFT - CASE TERMINATED)

STOPD

15 DELXT = (XUPN{1) - XLOWN(T))/10,

105

16

14

IF (XLOWO (1) .GE. XUPO(1)) GO TG 16
WRITE (6,105)

FORMAT (8HO (ROTRR) ,4X,734YUPPEP SURFACE OUTLET LONGER THAN LGWER SU
*RFACF OUTLET - CASE TERMINATED)

STOP

DELXO = (XLOWO(1) - XUPO(1})/10.

XSIN = XUPN (1)

YSIN = YUPN (1)

¥SOUT = XUPC(1)

YSOUT = YUPC (1)

XSN (KOUNT) = XSIN

YSN (KOUNT) = YSIN
ETASN (KCUNT) = ETAUN(1)
XSO (KOUNT) = XSOUT

YSO (KGCUNT) = YSOUT
ETASO (KQUNT) = ETAUQ (1)

TANBN = TAN (BETAN)
BBESBN = ABS{BETAN)
TANBO = TAN (RETAT)
ARSRT = AES (RETAT)

no 14 I=2,1M1
XSIN = XSIN - DELXI

XSOUT = ¥SOUT + DELXO

YSIN = YUDN(1) + TANBN*(XSTN — XUPN(T1))
YSOUT = YOPC (1) + TANRO* (XSCU'T — XUPG (1))
ETASN(I) = ABSBN

XSN(I) = XSIN

YSN(I) = YSIN

ETASO (I) = ABSBT

¥SO(I) = XSCUT

YSO(I) = YSGUT

C**x%x*FREFPARF LCATA FOR BOUNDARY LAYEER PPRPOQGRAM

28

CSTAR = SORT((XLOYO(1) — XLCWN (1)) **2 + (YLOWO(1) — YLOWM{1))x%*2)
STGMAT CSTAR/GSTART

SIGKAC CSTAR/GSTAFRC

WRITE (6,104) GSTARI,STGHAL,CSTAR,GSTAFC,SIGMAO

non



104 FORMAT (,//39X,RHG*(IN) =,F9.0,37X,114SIGMA(IN) =,F9.4/69%,UHC* =,
* F9_.U4/39%,Q9HG* (OUT) =,F9.4,3RX,12HSIGHA (CUT) =,F9.4//)
BFTAT = EETAT*RECONV
SSMLCK = 1./BLOW
SSMNP 1./RUP
SSMIN 1./RIN
SSMOUT = 1./RCUT
IF (CALBR .FC. 2.) RETUPRN

STCRE ROTATELD BLADE COCRDBINATES FOR LOWFR SURFACT
KN = (KMAXN/KPER) + 1
DC 310 I=1,KN
XOML(I) XLOQWN (L)
YOML(I) YLCWN (I)
SML(I) = SHLN(T)
ETAML (I} = ETALN(I)
310 CONTINUDE
NL = KN
NCL = NCL-1
Pno 311 I1=2,NCL
NL = NL + 1
XOML {NL}) = XCLOW(I)
YOML (NL) = YCLOW(T)
SML(NIL) = SSMLOW
ETAML (NL)Y = ETACL (T)
311 CONTINUF
KO = {KMAXO/NPER) + 1
po 312 I=1,KO
J = KO + 1 - 1T
NL = NL + 1
XOML (NL) = XLOWO (J)
YOML (NL) = YLOWO (J)
SML(NL) = SMLO (J)
ETAML (NL) = ETALO (J)
312 CONTINUE

STORE ROTATELC BLADE CNCRDINATES FOR NFFFPR SURFACE
pDC 313 1=1,10

J =12 - 1T

YOMU(I) = XSN(J)

YOMTU (I) = YSN(J)

SMU(I) = SSMIN

ETAMU (I) = ETASN(J)
213 CONTINUE

NU = 10

JN = (JMAXN/NPER) + 1

DO 314 I=1,JN

NU = NU + 1

XOMU (NT) XUEN (I)

YOMT (NU) YUPN (I)

SMI (NU) = SMUN(I)

ETAXU (NU) = ETAUN(I)
314 CONTINUE

NCU = NCU-1

Do 315 I=2,NCU

NU = RU + 1

[

XOMT (NU) = XCUD(I)
YOKU(NU) = YCUP (T)
SHU(NU) = SSMUP

ETANMU (NU) = FTACU(I)



315 CONTINUF
JO = (JMAXO/NPER) + 1
po 316 I=1,J0
Jd=Jc + 1 -1
NO = NU + 1
XOMU(NU) = XUPO (J)
YOMU (NKU) = YUPO (J)
SMU{NU) = SMUO(J)
ETAMU (NU) = FETAUO(J)
316 CONTINUE
Do 317 1=2,11
NUO = NU + 1
XOMU (NI} = XSO (I)
YOMU {(NU) = Y¥SOI(I)
SMU (NU) = SSMOUT
ETAMU(NU) = ETASO(I)
317 CONTINUE

RETURN
END
$IBFTC INPD2 DECK
SURBROUTINE INPUT2 (XM,YM,VVCR,ETAM,NN)

LCGICAL ERRCR,TRANS,SEPEN

COMMON/CODF/KCDE,DELSRL,DELSRU
COMMON/LNK2/UPMAC,SMODT,ALP1M,CSTAR,SIGHAQ, GSTARO, GSTARI, GAMMA,

* CONVER,RECCONV
COMMON/CTOBL/ALPH1,SPA, XMAX,TF,NTURRU, NTURRL, CTHETU, CTHETL
COMMON/C1/GAM, R, PTZ, TTZ,UPMACH,NST,NVP, NTORPB ,KPVH#, KEM,KSMTH,
1KSPLN,KLE,KATCH,CTHET,DLAM,TLAM,DTURE,TTURB, KFRE,KGRAD, KSDE,KLAMN,

2KMAIN,KPROF,X (100),Y(100),PPES (100),UF(10C),MF (100) ,POPTZ(100),

3VOVCPR (100}, TWAL {100) ,ETA (100)

COMMON/C3/XCM (100),YOM (100} ,S (10D) ,SOL (100) ,AE(100) ,TSE(100),

1TAWL (100) , TAWT (100) ,TBAR(100) ,R% (1C0) ,SW (100) ,SUTHL (100},

2RHS® {(100) ,RHSE(100) ,HEATW (100) ,HEARE(100) ,NUW (100) , HUBAR (100) ,

3AA(100) ,RB(100),FF(100) ,DUDS(100) ,DMDS(10C) ,DMDL {100)
COMMON/C9/FERROR, TRANS,SFDRN

DIMENSICN XM (NN),YM (NN),VVCR (NN), ETAM(NN)

C THE V/VCR LDISTRIBUTION IS PECEIVFD FROM THE ROTCR PFOGRAM

C IT WILL BE USEC TC CALCULATE THE PRFSSUPRPF DISTRIRUTION
ERRCR = FALSF.
TRANS = .FALSE.
SEPRN = _FARLSE.

C BOUNDARY LAYER SETUP
KATCH = 0
KSPLN = 1
KLE = 1
TLAM = 0.
DLAM = 0.
TTURB = 0.
DTURB = 0.
NST = NN

PO 2 I=1,8ST
XOM(I) = XM(I)

30



YOM(I) = YH(I)
X(T) = XOM(T)*XMAX
Y(I) = YOMU(I)*XMAX
TWATL(I) = TTZ
ETA(I) = ETAM(I)

2 VOVCR(I) = VVCR (I)
ALPH1 = -ALE1M
SPA = XMAX/SIGMAO

IF (KCDE .NE. 0) GO TO 3
WRITE (6,100)
100 FORMAT (1H1,53X,23H*%* [PBPER SURFACE *%%)
GO TO 4
3 WRITE (6,101)
101 FORMAT (1H1,53X,23H*** LOWER SORFACE ***)

4 WRITE (6,1020) NST,NVP,GAM,R,PTZ,TTZ,UEMACH,XMAX,NTURB,CTHET,TE
1020 FORMAT (1H0/5X,22HBOUNDARY LAYFR - INPUT///5X,3HNST,S5X,3HNVP,T7X,
* 3HGAM, 11X, 1HR, 12X, 34PTZ, 11X, 3HTTZ,9%X,6HUPMACH, BX, UHXMAX,TX,

* SHNTURB,6X,6HCTHFTA,7X,2HTF/4X,2(13,5X),F7.3,3(5%,F9.2),5X,F8.4,
* S5X,F8.5,6X,13,7X,F7.3,5X,F7.5///)
WRITE (6,1090) KPRE,KGRAD,KSDF,KLAM,KMAIN,KPROF,KEN

1090 FORMAT (/6X,4HKPRE,7X, SHKGRAD,7X ,UHKSDE, Y, UUYKLAM, 7TX,SEKMAIN, 7X, SHK
1PROF,7X,5H KEM /7X,12,9X,I12,10%,12,10X,12,9%,12,10X,12,10X,12///)
WRITE ({(6,1032) (XO#(I),YNM{I),VVCR(I),TWAL(I),I=1,NST)

1032 FORMAT (8X,3HXOM,7X,3HYOM,9X,4HVVCR,9X,4HTWAL/ (5X,F8.5,2¥,F8.5,2X,
1F11.5,3%,F9.2))

IF (NST.GT.1CC.OR.NTIRB.GT.NST.08. KFMeL1TaD.OR.KEM.GT.1.0R.KSPLN.LT.
10.0Re KSPLN. GTe 1.OR.KLF.LT.0.0RKLF.GT.1.0P. KATCH.LT.0N.0OF.KATCH. GT.
21) GO To 70

RETURN

70 ERROR = .TRUE.
WRITE (5,117C)
1170 FORMAT(////10X,48HFERROR IN INPUT DATA. PRECHECK INPUT INSTRUCTICNS
M
RETURN

END
$TEFTC BLAYFR [CECK
SUBROUTINE ELAYR

C BOUNDARY LAYFR MAIN PROGRAM

LOGICAL ERRCR,TRANS,SEPRN
REAL ME

COMMON/CODF/KCDE, CELSRL, DELSRD
COMMON/CTOBL/AL,SP,XMAX,TE, NTURBU, NTURRL, CHTETU, CTHETL
COMMON/C1/GAM,R,PTZ,TTZ,UPMACH, NST,NVE, NTUPR,KPVM, KEM, KSMTH,
1KSPLN,KLF,KATCH,CTHET, DLAM,TLAN,DTNIRB, TTURE,KPRE,KGRAD, KSDE, XLAM,
2KMATN,KPROF,X (100),Y (100) ,BRFS (100) ,UE (100) ,ME (100) ,PQAPTZ (100),
3VOVCR (100) , TWAL (100) ,ETA (100)

COMMON/C2/PSZ,TSZ,UZ,AS? ,AT7,RHSZ,RHT?Z,NUSZ,M0TZ, ¥ISZ, NUTZ,CP,
1PR,TC,ARCL

COMMON/C3/X0M (100) ,YOM (100) ,S (100) ,SOL (100} ,AE(100M) ,TSE (10D},
1TAWL (100) , TAHT {100) ,TRAR (100} ,R¥ (100) ,SW (120) ,SUTEL (109),

2RHSW (100) ,RHSF (100} , HEADW (100) , HFADE (100) ,NUK (100) , MURAR (100} ,
3AA (100) ,BB(100) ,FF (100) ,DUDS (100) ,DMDS (100) , DMDL (100)
COMMON/CU/THET (100) ,DELSR (100) ,DELTA(100) ,FCRM (100),



1FORMI (100) , ECE¥TR(100) ,PTH(100) ,RUTI(100) ,CF (100},
2TAUW (100) ,NUSS(100) ,DIDY (10C) ,HTRAN (100) ,CFRH (100)
COMMCN/C9/FRROR, TRANS, SFPRE

CALL PRECAL
IF (ERRCR) EFETURN
CALL LAMNAR
IF (ERRCF) RETURN
IF (SEPRN) GO TO 20
IF (.NOT. TRANS) GO TO 20
CALL TURBLN
I¥ (ERRCPF) FERETURN
20 CALL PROFIL
IF (KODE.EC.1}) GO TO 9
DELS = DELSR (NST)
THETS = THET (KST)
KODE = 1
RETURN
9 DELP = DELSR (NST)
THETP = THET (NST)

ALPH1 = AL

SPA = SP

CALL AFMIX (ALPH1,DELS,DFLP,THETS,THETP,TE,SPA,MF (NST))
KODE = 0

RETURN

END

$TEFTC PRECL LIST,DECK
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SUOBROUTINE PRECAL

COMMON/GAMEM/GMP1,GHNM1
COMMON/CTOBL/DUM (2) , XMAX,DUN2 (5)
COMFKON/C1/GAM,R,PTZ,TTZ,UPMACH, NST, NVF, NTURR,KPVM,KEM,KSHNTH,
1KSP1N,RKLE,KATCH, CTHET, DLAM, TLAM,DTCRB,TTURPR,KPRE,KGRAD, KSDE,KLAM,
2KMAIN,KPROF,X (100),Y(100),PRES (100) ,UE(100),ME(10C),POPTZ (100),
3VOVCR (100) , TRAL {100) ,ETA (100)
COMMON/C2/PSZ,TSZ,UZ,ASZ,AT7,RHSZ, RIITZ,MUSZ,MUTZ, NUSZ, NUTZ,CD,
1PR,TC,ARCL

COMMON/C3/XCM (100) ,YOM (100),S{100) ,SCGL(100) ,AE(100) ,TSE(100),
1TAWL (100) , TAWT (100) , TBAR (100) ,RW (100) ,SW (100) ,SUTHL (100),

2RHSW (100) , RHSFE (100) , HEATW (100) ,HEADE (100} , NUW (100) , MUBAR (100) ,
3AA(100) ,BB(100) ,FF (100) ,DUDS(100) ,DMRS (100) ,DMDL (100)
COMMON/C9/ERRCR, TRANS,SEPRK

DIMENSION SDER(190),CHI(20),CPR(20),CTC(20)

REAL ¥USZ,MUTZ,NUSZ,NUTZ,MUSLE,MUSLM,HE, NIk, MURAR

LCGICAL FRRCR, TRANS,SEPFN

READ DATA FCR MU, PR, AND TC CURVE FITS

DATRA(CMU(I),T=1,5)/-.01945170,1.3019531,-.34511323,
1.068277826,-.00566593/
DATA{CPR(I),I=1,5)/.9557,-.234134,. 107824,
1-.0236214,.00202863/

DATA (CTC(I),I=1,5)/-.03839323,1.2697427,~.30Q11252,
1.08743781,-.009674725/

GAM + 1.
GaM - 1,

GMP1
GMM1

o
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INTTIALIZE STATIC AND TOTAL PARAMETERS

TSLE= 518.6€8
TSLM= 288.160
MUSLE= 3.711402E-7
MUSLM= 1.777029E-5
TCSLE= 3.202206E~-3
TCSLM= 2.561796E-2
TSZ = TTZ/(1.+GMM1/2.%UPKACH®*%2)
PSZ = PTZ* (TSZ/TTZ) ** (GAM/GMM 1)
RHSZ= PSZ/R/TSZ
RHTZ= PTZ/R/TTZ
ASZ= SQRT (GAM*R*TSZ)
ATZ= SORT (GAM*R%TTZ)
UZ= UPMACH*ASZ
CP = R*GAM/GNMM1
IF (KEM.PC.1) GO TO 10
TCON= 198.60
TR1= TSZ/TSLE
TR2= TTZ/TSLE
GO TO 20
10 TCON= 110.33
TR1= TSZ/TSLHY
TR2= TTZ/TSLM
20 CALL CURVFT (CFR,PR,TR1,0,4,0)
CALL CURVFT (CTC,TC,TR1,0,4,0)
CALL CURVFT(CMU,MUSZ,TR1,0,4,0)
CALL CURVFT (CMU,MUTZ,TR2,0,4,0)
IF (KEM.F0.1).GO TO 30
TC= TC*TCSLF
MUSZ= MUSZ*MUSLE
MUTZ= MUTZ*MUSLE
GO TO 406
30 TC= TC*TCSLH
MUSZ= MUSZ*MUSLHM
MUTZ= MUTZ*MUSLM
40 NUSZ= MUSZ/RHSZ
NUTZ= MUTZ/RHTZ

CALCULATF GEOMETPRY RBATIOS AND ARC LENGTHS

S(1)= 0.
DO S0 I=2,NST
S50 S(I)= S(I-1) +SORT ((X(I) =X (I-1))%%2+ (Y (T) =Y (I=-1)) *%2)
ARCL= S (NST)
DO 60 I=1,NST
60 SOL(I)= S(I)/ARCL

CALCULATE PFFS,UE,ME,POPTZ,AND VOVCR AT FACH STATION

VELOCITY OVER CRITICAL VELOCITY GIVEN AS INPUT
150 DO 160 I=1,NST
POPTZ{I) = (1.—-GMM1/GMP1%VOVCR (I)**2) ** (GAM/GHNT)
UE(I) = SORT (2.*GAM/GNM1*PTZ/RHTZ* (1.-FORTZ (I) %% (GMM1/GAM)
*))
TSFE(I) = TTZ-UE({I)**2/(2.%CD)
AE(T) = SQRT(GAMXR*TSE(T))
ME(I) = UE(I)/AE(T)
160 PRES(T) = PCPTZ(I)*PTZ

33
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PRINT INITIAL CALCULATED PARAMETERS

170

WRITE (6,1000)
WRITE(6,1010) PSZ,7TS%,0Z,AS%,ATZ,RASZ,PHTZ, USZ, 0UTZ, NUSZ, NUTZ,CP,
1PR,TC,ARCL

WRITE(6,102C) (I,PRRS(I),UE(I),%R(I),POPTZ(I),VOVCR(T),T=1,NST)

PRINT GECMETRY PARAMETERS

200 IF (KPRF.NE.1) GO TO 210

WRITE (6,103C) (I,X{(I),Y(I),S(T), XCM(T),YCM(I),SCL(T),I=1,NST)

CAICULATE OTHER NECFSSARY PARAMETERS AT FACH STATINN

210 DO 220 I=1,NST

TEM1 = 1.4GHMM1/2 . %MF () *%2
RHSW(TI)= PRES({I)/R/TWAL(T)

RHSF (I)= PRES{T)/R/TSE(T)

HEADW (I)= .S*RHSHW (I) *0E (I) %*2

HEADE (I)= .S*PHSE (T)*UF (I)*%*2

SW{I)= TWAL(I)/TTZ-1.

SUTHL (I)= SORT{TWAL(I)/TTZ)*(TTZ+TCCN)/ (THAL (T)+TCON)

NUW(I) = SUTHL (I)*NUTZ* (1,+SK (T))*=2kTEN 1% (GAM/GMM 1)

RW(I)= UE(I)*S(I)/NU¥(I)

TAWL (I)= TSE(I)* (1.+PR** (1./2.)% (TFH1-1.))

TANT (I)= TSE(I)*(1.+PR**(1,/3.)% (TEM1-1.))

TBAP(TI)= .5% (TWAL(T)+TSE(I))+.22%DR%x%(1,./3,)*(TTZ-TSF (7))

MUBAK (I)= MUTZ*SUTHL (I)*T3AP (T)/TTZ

BB(I) = KE(IY*ATZ/NOTZX (TSE(I)/TTZ) *% (CMP1/(2.%G¥¥1))

AA(I)= BB(I)*TSE(I)/TBAR(I)* (FUEBAR(T)/MITZ) %%, 268

FF(T) =1.+. 1590%HME (I) #%24_ A0%SW (I) +. 210 1*SW (I) *MF (T) *%2+ .01 14%ME (T)
T**U+_ 0TRO*SW (T) *ME (I) *%i+, 1R2S%SH (T) *%2+ 07 IS*SH (T) **D&MF (T) **2
2+.0073%SH (T) ¥*2%ME (I) **u

220 CONTINUE

230

40
250

FINITF DIFFERENCE METHOD USEDR TO CALCULATE VRLOCTTY AND MACH NUMBER
GRADIENTS ALCNG THE SURFACE

DUDS (1) = (UE(2) - UE{(N))/(S5(2) - S{(1))
DMDS (1) = (E(2) — ME(1))/(S{2) - S(1))
DO 230 I=2,NST

IM = I - 1

IF (I .E0O. KST) GO TO 230

IP = T + 1

DUDS (T) = (UE(TPY=UE(IM))/(S(IF)-S(IM))
BMDS(I) = (MF(IP)=ME(IM))/(S{TB)~-S(TH1))
CONTINUE

DUDS (NST) (UR(NST) ~ UE{IM))/(S(NST) — S(TH))
DMDS (NST) (PE(NST) ~ MF{IM))/(S(NST) - S(IM)
DO 250 I=1,NST

DMNDL {I)= ARCL*DMDS (T)

PRINT CTHFR CALCULATED PARRMETERS

IF (KPRE.NE. 1) GG TO 2A0
WRITE (6,105C) (I,AE(T),ISE(T),TWAL(T),TAVL(T),TAWT (T}, TEAR(T),
1I=1,NST)



WEITE(6,1060) ({I,RW(T),SW(T),SUTHLIT) ,PHSW (T),RHSE(T),4YEADY(T),
T4EADE(I) ,NU® (I) ,MUBAR(I) ,I=1,HST)
260 IF(XGPAD.NE.1) GO T0 27C
WRITE(6,1070)
WRITE (6,1090) (I,DUDS(T),D¥DS(T),D¥CL(T),I=1,NST)

CHECK F¥CP TIFMPROPER INBUT

a0

270 DN 280 I=2,NST
IF (UF(I).NE.C.) GO TO 280
FRROR= .TRUE,
WRITE(6,1090)

KETIHEN
280 CONTINUR
RETURN
C .
C TFORMAT STATENENTS
C
1000 FPORMAT(IEN///UX, 2HPRELIMINARY CALCULATIONS///)
1C10 FORMAT (5X,10HPSZ = F12.5/5X,10HTSZ = FI10.L/5X,10BU2 =
1 F11.5//5%, 10EASZ = TF11.4/5X,10HATZ = F11.4//5%X, 10HPHSZ
2= G15.7/5X,10HRHET. = G15.7//5%X,10HMESZ = 615.7/5%,10HMUT?2
2= G15.7//5%,10HNUSZ = G15.7/5X,10HNOTZ = G15.7//5%, 10HCP
1) = F11.4/5%,10HPR = F.5/5Y,100TC = G15.7/5%X,109ARCL
S = TF3.4///)

1020 FORMAT (/1X, 7HSTATION,T7¥X,4HP"¥S,13X,28UF, 12X, 2H¥F,11¥,54POPTZ,9X, 5H
1VCVCR/(2X,I13,5X,F12.5,3%X,F12.5,4X,F10.A,4X,F10.6,4%,F10.6))

1030 FORMAT(///1X,THSTATION,7X, 1FX, 12X, 1HY,12¥, 1S, 12¥, TEX0M, 9%, 31Y0K,
19X,3HSOL/(2%,I13,3X,F12.5,1%X,F12.5, 1X,F12.5,4X,F9.5,3%,F9.5,3%,F9.5
2))

1050 FORMAT(///1¥,7HSTATION,SY¥,293F, 10X, 30TSE, 5%, 4HTWAL, 8%, 4ITAWL,RX,UH
1TAWT,8X,UHTEAR/ (2X,I3,4Y,F9.3,5(4X,F8,3)))

1060 FORMAT(///1X,THSTATION, 11X, 24RW,6X, 2ESW, 4X, SHSITHI , TX ,LHFRKHSW, 12X ,04
1HRHSFE,8X, SHHEADW,4X,5HHFATE,9X, 34NUW, 12X ,SH¥URAD/ (2X,13,3%X,F15.1,2
2X,Fl4.1,1X,F7.3,2X,614.6,2X,CG14.6,1%,FP.3,1X,FB.3,2X,G14.6,2X,G14.6
3))

1070 FORMAT(1E1///21X,17THSURFACE GTATIENTIS///)

1080 FORMAT(1X, 7HSTATION, 13X,4HDUDS, 155, UAN¥DS, 15X, U4DMDL/ (2X,T2,4X,F18
1.6,1X,F18.6,1X,F18.¢))

1090 FORMAT(/////1CX,R3HTHERE IS A STAGNATICON POTNT AT A STATION OTHER
ITHAY STATION 1. THIS IS NOT AILIOWFTL)

END
$IFFTC LAMNA LIST,DECK
SUBRODTINF LAMNAR

COMMCN/GAMPE/GMD1T,5441
COMMON/CTOBRL/DUM (2) , XMAX,DUM2 (5)
COMMON/C1/GAM,R,PTZ, TT7,UDPMACH,NST, NVP, NTPPR,KDVM , KEM, KSUTH,
1KSPLN,KLF,KATCH,CTHFT, DLAM,TLAY, DTGRP , TTURE ,KPRE,¥GRAT,KSDF,KLAM,
2KMAIN,KPRCF, X (100),Y (100 ,PPFS(1N0) ,UF (10C) ,ME(100) ,POPTZ (100},
IVOVCR (100) , TKAL (100) ,ETA (100)

COMMCN/C2/PSZ,TSZ,0Z ,AST,ATZ,RHSZ,PUTY, ¥NIS2 ,MUTZ, K152, NUTZ,CP,
1PR,TC, ARCL

COMMON/C3/X0M (100} ,YOX (107) ,S(100) ,SOL (100) ,AF(1C0)Y ,TSE(1GN),
TTAWL (100), TAWT (100) , TEAR (100) , k¥ (100} ,S% (170 , SUTHL (177,

2RHSH (100) ,RHSE (100) , HFALK (170) , BFATE (100) LKLY (100) , XTIRAR (100)
3AA(10€) ,RB (100) ,FF (10€) ,BUDS (176) ,THDS (170) , DHDI (100)
COMMON/CU/TEET (100) ,DELSP (10N0) ,DFLTE(100) ,FOp¥ (100)

TFCRT (100) ,FCRMTR (T100) , PTH (10N) ,RTET (100) ,CF (127),
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1TAUW (100) , NUSS (100) ,DTDY (10C) ,HTRAN (10C) ,CRN (100)
COMMON/C5/SHAPL (100) ,SHAFK (100} , B, NS
COMMON/C6/FTRAN, FORMS

COMMON/CT7/INST,ITRAN,ISED
COMMCN/C9/ERROR, TRANS, SEPRN

DIMFNSION CCRLN({100),CORML (10C),SHFAR(100),DTH(100)
DIMENSION CCN{20),CRCR (20) (CDIF (20),CSHR (20),CCRN(20) ,CLTH(20)
DIMENSION STAB(50S),CTAP1(505) ,CTAR2(505)

REAL MUSZ,NUSZ,MUTZ,NUTZ,ME,NUW,MUEAR,NUSS,NUPH,¥BAK, INT1, INT2
LCGICAL FRRCR,TRANS,SEPRN

EXTERNAL FUNCT,INT1,INT2

PEAD DATA FCR CORLN(1), RBCRIT, DTFF, SHEAF, CRN, AND DTH CURVF FITS

DATA {CCN{(I),I=1,6)/-.08178,.06670,-.03143,
1.00873,.01657,-.01052/

DATA (CRCR (I) ,I=1,6) /5.47073,43.6053,227.198,
1-2067.04,-27172.7, 13691.2/

DATA (CDIF(I),I=1,6),/903.785,26365.0,3.25695E4+5,
11.11044E+6,-4.53853E+7,-7.70276E+7/

DATA (CSHR (I) ,I=1,16) /.224488,-1.91539,-9.894 ,-A8. 134138,
1-.001512,-1.4768,~10.52925,~152.2781,-.002406,-.015629,
1-1.45743,-126.23395,.000752,.005365,.917838,~39, 40AUL/
DATA (CCRN (I),T=1,16) /2.02056,-19.7211,-24.0495,-1400.C02,
1-.050979,-10.88012,62.4419,-5081.7¢,-.014343,2.279845,
1129.7008,-6257.848,.027C567,-1.677051,57.4397,-2552.266/
DATA (CDTH(I) ,I=1,16) /8.02829,-4.3097],88,22u4,36.4336,
12.71101,-7.42259,242.293,-16.293, -.16394,-7.619L2,286.9795,
164.11186,-.16758,-3.70289,130.8107,111.3276/

INITIALIZE PARAMETERS

INST = 0
ITRAN = O
ISEP = 0
CF(1)= O

TAUW (1) = O.

NUSS{1) = 0.

DTDY(1)= 0.

HTRAN (1)= O.

CRN (1)= O.

RTRAN= O.

IF (CTHET .GT. 0.) KATCH = 1

CHECK CONSISTFNCY OF INITIAI VALUES

IF (DLAM.GE.Q..AND.TLAM.GE.Q..AND.TTURB.CF.0C..AND.TTURB.GE.C.)
160 TO 10

ERROR = .TRUE.

WRITE (6,1000)

RETURN
10 IF {NTURR.NE.1) GO TO 30
ITRAN = 1

IF (DTURB.GT.0..AND.TTUREB.GT.0.) G50 TC 20
ERRGR = .TRUF.

WRITE(6,1010)

RETUOPRN
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20 IF (UE(1).GT.0.) GO TO 240
ERROR = .TRUE.
WRITE (6, 1020)

RETURN

REGIN CALCULATICN IN LAMINAR REGION - CHFCK FOR TINITIAL VALUES
CALCULATE INITIAL CORRELATICN NUMBER

30 IF (DLAM.EQ.0..AND.TLAM.E0D.0.) GG TO 70
IF (UE(1).GT.0.) GO TO 40
'ERROR = .TRUE.
WRITE (6, 1030)
RETURN
40 IF (TLAM.EQ.0.) GO TO 50
INITIAL MOMENTUM THICKNESS WAS GIVEN
TEM1 = 1.+GHMM1/2.%NE (1) #%2
CORML (1)= =—ATZ*TLAM**2/NUTZ/SUTHL (1) /AECL/TEN 1%* ( (3.-GAM) /
1(2.%GMM 1))
CORLN({1) = CORML (1) *DMDL (1)
GO TO 90
INITIAL DISPLACEMENT THYCKNESS W2S GIVEN
SO IF (ABS (DMDL{1)).GE..0001) GO TC 60
CORLN(1)= 0.
TEM1 = 1.+GMM1/2.%ME (1) **%2

FORM (1) = 2.38411*% (1,4 (2.79-1,78%PRx*%_S)* ((1.+SW (1)) *TEM1-1.))+(U.6

15%PR¥* (1./3.)-3.65%PR*_5) *PR** 5% (TEM1~1.)
THET (1) = DLAM/FORM (1)

CORML (1) = —-ATZ*THET (1) **2/NUTZ/SUTHL (1) /ARCL/TEM1*x [ (3, -GAM) /(2.%

1GMM 1))
GO TOC 90

60 IF (DMDL(Y).GT.0.) CALL ROOTB(-1.,0.,DLAM,FUNCT,.5E-5,CORLN(1),SL)
IF(DMDL(1) .1T-0.) CALL ROOTB(0.,.2,DLAM,FUNCT,.5E~5,CORLN(1),SL)
CORML (1) = CORLN (1) /DMDL (1)
GO TG 90

NO INITIAL LAMINA® VALUES GIVEN
CALCULATE INTTIAL CORRELATICN NUMEER

SHARP LEADING EDGE
70 IF (KLE.NE.?1.AND.ABS(DMDL{1)).GE..0N001) GG TO RO
CORLN (1) = O.
CORML (1) = O.
GO TO 90
STAGNATION POINT
80 CALL CURVFT {(CCN,CORLN(1),SW(1),0,5,0)
CORML {1)= CCRLN (1) /DHDBL (1)
IF (CORML(1).LT.0.) GO TO 90
ERROR= .TRUE.
WRITE (6, 1040)
RETURN

SOIVE LAMINAR DIFFERENTIAL EQUATICN
CALCULATE CGRRELATION NUMBERS ALONG THE SURFACE

90 TEM1 1. +GMM1 /2. %ME (1) *%2
TEM2 (3.*GAN-1.) /(2.%GMMT)
DEL= 0.002*ARCL
S5= —-DEL
NTAB=1

37
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CTAB1(1)= CCRLN(1)
CTAB2(1)= CGRML (1)
STAB(1)y = 0.

100 SS= SS+DEL
SSDFL = SS+LEL
CALL LGRNGE(S,S¥,NST,SS,ANS1)
CALL LGRNGF(S,ME,NST,SS,ANS2)
CALL LGRNGF (S,ME,NST,SSCFEL,ANS3)
CALL LGRNGF(S,DMDL,NST,SSDEL,ANSU)
A1= 0.43631-0.00367*ANST+0.00URBTXANS T**2+0, 0065 T*ANS 1#%3
A2= 5.4322042.25UN0%ANST-0.06672%ANST1#%2-0. 2063 7*ANS 1%%3
A3= 4.51903-10.U9775*ANS1-12.71732*ANST1#*2-2_9527T0% NS 1%%3
A= 19.01831+62.76597%ANS1+115.0099F%xANST1** 2462, 53113%ANS1%%3
A= A1-R3%CTABI(NTAB) *%2-2_ %AU*CTABT (NTAR) **3
B= A2+42.%A3%CTAB1(NTAB) +3.%AU%CTART (NTAB) %2

FOR SW = 0.0

IF ( CTAB1{(NTAB).GE.-.1) GO TGO 101

A=.3953

B=4.739
101 X1 = 0

SOL1 SS/ARCL

SOL2 = SSDEL/ARCL

TEM3 STMPS1(SOL1,SOL2,INT1,ET)

IF (TEM3.EQ.C..0R.K1.EQ.0) GG TC 110

ERRPOR= .TRUE,

WRITE (6, 1050)

RETURN
110 IF (NTAB.GT.1) TEMU= ANGD*% (—B) *TEM1%XxTFMD

TEM1 = 1.+GMM1/2.%ANS3**2

TEMS= ANS3%% (—B) *TEMT1%*&TEM2

TEM6= —A*TEM5%TEM3

IF (NTAB.EQ.1) TEM7=0.

IF (NTAB.GT.1) TEM7= TEMS/TEMU*CTAE2 (NTAB)

NTAB= NTAE+1

CTAB2 (NTAB)= TEM6+TENT

CTAB1 (NTAB)= CTAB2 (NTAB) *ANSU

STAE(NTAB)= SSDEL

WHEN SW IS NOT EOUAL TO 0.0 ,CURVE FIT PRANGE ON CORLN
IS FRC¥ —-.32 TO .16

IF (CTABT(NTAE) .GT. .50) GO TC 120
IF (SS.LT.ARCL) GO TO 100
120 IF (XSDE.NE.1) GO TO 130
WRITE (6, 1060)
WRITE {6,107C) (STAB(I),CTAB1(T),I=1,NTAB)

CALCULATF LAMINAT BOUNDARY LAYER PARAMETEERS AT EACH STATION

130 IF (KLAM.NE.1) GO TO 140
WRITE (6, 1080)

W0 I= 0

150 I= I+1
IF (I.EQC.NTURE) ITRAN=-1
IF (S(I).LE.STAB(NTAB)) GO TO 160
WRITE (6,1090)

160 IF (KLE .EC. 1 .AND. T .EC. 1) GO TO 151
CALL LGRNGF (STAB,CTAB1,NTAE,S (I),CORLN(T))
CALL LGRNGE (STAB,CTAR2,NTAB,S{(T),CORML(I))



C
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OBTAIN SHEAR, CRM, AND DTH FRCM CORVE FITS VS COARLN AND S1
151 CALL CURVFT (CSHR,SHEAR(I),CORIN(I),SW(T),3,3)

CALL CURVFT (CCRY,CBN(T) ,CORLN(T) ,SW(I},3,3)

CALL CURVFT(CDTH,DTH(L) ,CORLN(T),S¥ (I),3,3)

FOR SW = 0.0
IF(COFLN(T).GE. —-.1) GO TO 161
SHEAR(T) = —1.2222%CCRLYN (I) +.26
CRN(I) ~58.824 *CORLN (I)-.5765
DTH (I) ~22.222%CORIN(T)+7.1112
CAICULATF GTHEP LAWMINAR BCUMDAEY LAYER EBATAMFTEPS
161 TEMT = 1.+GMM1/2,%ME (T) **
THET (I) = SOPT (~CORHML (I) *NUTZ*SUTHL (I) *ARCL/ATZ*TEM 1** ( (3.~GAMN) /
1(2.%GMM1)))
PORM(I)= (—1.1138%CCRLN(T)+2.384711) % (1,4 (2.79-1.TR*PRAX_5)% ((1.+
1S (T) ) *TEM1=1.)) + (4.A5%PP*% (1, /3.)=3.65%PP%k_5) *Pux*_&* (TEM 1-1.)
DELSR(I)= THEET (I)*FORM(I)
RTH(I)= UE(I)*THET(T)/NUW(I)
FORMI(I)= (FORMN(I)=SORT(PR)*(TEM1-1.))/((1.+SK(T))*TENT)
FORMTR (I)= FOPMI (I)* (1.4S# (1))
DELTA(I)= TEET (I)* {DTH (I)+ (TFM¥1-1.)% (FOPMTR (I)+1.))
SHAPL (I)= DELTA(T)**2/NUW(T)*DUDS (I}
IF (I.EG.1) GG TO 1RO
CFRW= 2.*SHEAR(T)*SORT {-SOL(T) /MF (I} /CORML (T))
CF(I)= CFRW/SQORT (RW (I))
TAUW(T)= CF(T)*HEADW (I)
NURW= CFRW*PR**_3/CRN(7)
NUSS(I)= NURWXSORT (RW(T))
DTDY (I)= NUSS(I)*(TAWL(T)-TWAL(I)) /S{I)
HTRAN (I)= TC*DTDY (I)
IF (TAUW(I).S5T.D.) GO TO 180
IF (KATCH.NF.0) GO T0 170
ISEP= I
SEPPN= .TRUE.
RETURN
170 ITRAN= -2
GO TO 270
180 IF (I.EC.1.AND.UER(1).ED.D.) GG Tn 190
SHAPK (L) = NUTZ*RTIU (T) **2%SUTHT (T) *%2% (1. 4SW (T)) **U /ATZ/ME(T) %%2/
1FF (I) /ABCL*CMEL (T) *TEM 1% (1. /GMM 1)
GO TO 200
190 SHAPK (I)= 0.07
200 BTHI(I)= RTH(I)*SUTHL (I)*(1.+SW(I))**2/FF(T) /SORT(TEM1)

CALCULATE RCRIT TO CHECK FOFR TNSTARILTTY AND TRPANSITION

CALL CURVFT(CECR,RCRIT,SHAPK(I),0,5,0)
IF (SHAPK(I) .GT. .07) RCRIT = 9.3163
RCRIT= FXP{(RCRIT)

TF(INST.NE.O) GO TO 210

CHECK FOR INSTABILITY
IF(RTHT (I) .LT.RCRIT) GO TO 270
RINS= RTHI(I)

INST= I
GO To 270

CHFCK FCR TRANSITION

39



210 XK1= 0
NS= T
TEM= SI¥PS1(SCL(INST),SOL(I),INT2,X1)
IF (TFM.FL.C..0R.K1.E0.0) GC TC 220
FRROR= .TRUF.
WRITF (6,1100)
RETHRN
220 XBAR= TEM/(SCGL(I)-SOL(I¥ST))
CALL CURVFT(CCIF,DIFF,KRAR,0,5,0)
IF (KBAR .GT. .03) NIFF = 4udNH, *¥KPAR+700.0
RTRAN= RINS+CIFF
IF (RTHI (I) .LT.RTRAN) GO TO 270
IF (I.LT.NTUREB) GO TO 270
ITRAN= -1
GO TO 270
230 TITRAN= I

COMPUTE INITIAL VALUFS FOR TURPULENT SCLUTION

aQanon

240 TRANS= .TRUE.
IF (DTURB.FC.0.,AND.TTUPE.F0.0.) GO TN 260
IF (DTURR.GT.0..AND.TTUR3.GT.N.) GC TO 250
ERRCR = .TRUEF.
WRITE (6,1110)
RETURN
250 THET(ITRAMN)= TTNRB
FORM(ITRAN)= DTURR/TTIRR
TEMT1 = 1.4GUM1/2.%ME (ITRAN) *%2
FORMI (ITRAN)= (FCRY (ITRAN)—=PR** (1,/3.)% (TFM1-1.))/((1.+SW(ITRAN))
1*TEMT)
760 IF (CTHET.GT.0..AND.DTURB.EQ.0..AND.TTIURB.F0.0.) THET (ITRAN)=
1CTHET*THET (ITRAN)
THFETTR = THET (ITRAN) * (TSE(TITRAN) /TTZ) %% (GMDP1/(2.%5GMM1))
FTRAN= (ME({ITRAN)*ATZ*THETTF/NUTZ)**1.268
IF (RTRAN .lE. 0.) GO TO 265
FORMS= FCRMI (ITRAN)-0.59380-0,06591%RLCC (PTRAN) +0.001272* (ALOG (PTP
TAN) ) *%2
IF (DTURB.GT.C. . .AND.TTURPR.GT.0.) FORMS=FQUNI (ITRAN)
RETURN
265 FORMS = 1.4
RETURN

PRINT OUTPOT

anon

270 IF (KLAM.NE.1) GO T0O 290
IF(INST.FD.0 .0OR. INST.EQ.I) ®PTTZ(A,1120) T,CORLN(T),SHFAR(I),
1CTH (T, FORMTR(I) ,SHAPL(Y) ,RTHT (T) ,SHAPK (I),PCRIT
IF(INST.NF.O .AND, INST.NE.T) WFITF(A,1130) I,CORLN(IL},SHFAF(I),
IDTH(T) ,FCRMTR(Y) , SHAPL (I}, RTUT(T) ,%RAT,NTFF,FTRAN
IF (ITRAN.FC.-2) WRITS(A,1140)
290 IF(ITFAN.EQ.-1.0R.ITRAN.FO.-2) 60 TQ 230
IF (I.EQ.NST) PETURK
GO TO 150
c
C FORMAT STATEMENTS
c
1000 FORMAT(/////,10%, 60U YEGATIVE INTTTAL VALUE HAS PEFY STYEXN. THIS
11S ¥C™ AILOWET)

40



1010 FORMBT(/////.10Z,7SLINITIAL VALUES WERF NOT GIVEN FOR THE TURBILFEN
1T BOUNDAFY LAYER AT STATION 1)

1020 FORMAT(/////,10%,80HINITIAL VALUES KERF GIVEN FOR THE TARBULENT BO
1UNDARY LAYER AT A STAGNATION PCINT)

1030 FOBRMAT(/////.10X, 94 HINITIAL VALUES OTHFR TEAN ZFRO WERE GIVFN FOR
1THE LAMINAR BOUNDARY LAYER AT A STAGNATICHK POINT)

1040 FORMAT(/////,10X,106HFOR THIS INPUT DATA STATION 1 IS ASSUMED TO P
1E A STAGNATICH BOINT, STKRCFE NC INITIAL THICKNESSES ARE GIVEN./
210¥,1184HIN THIS CASE PRESSURE SHOULD EECRYASFE INITIALLY. EITHEE G
3IVE AN INITIAL VALUE FOR DISPLACFMENT OR MOMENTUM THICKNESS,/
410X,6000R BEGIN WITH A SUCPT REGIOM OF FAVORABLF PRESSURE GRADIENT
5.)

1050 FORMAT(/////.10X%,37HERRCR IN CCMPUTING INTEGRAL FOR CORLN)

1060 FORMAT(181///7X,50HLAMINAR DIFFERENTTAL FQUATION ~ SOLOTION FOR CO
1RLN///5 (24H S CCRLN Y//)

1070 FORMAT {{5(F12.5,2X,F7.4,3%)))

1080 FORMAT(141///1X,59HLAMINAR CALCULATION OF INSTABILITY AND TRANSITI
10N LOCATIONS///1X,TH#STATION,2X%,SHCORLN,SX,5HSHEAR,5X,3HDTH,6X,6HFO
2RMTR,U4X,5HSHAPL,9X, 4 HRTHT ,6X,5HSHAPK,9%X,SHRCRIT, X, BHKBA®R, 10X, YEDT
3FF,9X,5HETRAN)

1090 FORMAT(/////,10X,65HLAMINAR SOLUTICN HAS DPROCEEDED BEYOED THE RANG
1E WHFRE IT IS VALID)

1100 FORMAT(/////,10X,36HERROR IN CCHPTUTING INTEGRAL FOR KBAR)

1110 FORMAT(/////,10%X,54HIF INITIAL TURFULFNT VALUFS ARE GIVEN, THEY BO
1TH MUST BE NCNZERQ)

1120 FOPMAT(I4,1X,5F10.4,1%,F12.1,1X,F10.5,1%,F12.1)

7130 FORMAT(I4,1X,5F10.4,1X,F12.1,24%X,F12.5,1%,F12.1,1%X,F12.1)

1140 FORMAT(/////,10X,85HLAMINAR SEPARATION HAS QCCURRFL. ASSUMED TO BF
1 TRANSITION TC TUSBULENT ROUNDARY LAYFR)

END

$IBFTC TUERHBL LYST,DECK

Cc
C

SUBROUTINF¥ TURRBLN

COMMON/GAMPY¥/GHP1,GMY%1
COMMON/C1/GAM,R®,PTZ,TTZ, UPMACY, NST, NVE, NTURR ,KPVHM, KEM,KSMTH,
1K5PLK,KLE,KATCH,CTHET, DL AN, TLAF,DTUPE, TTUPE, KEPF,KGFAT, KSDE,KLAN,
2KMAIN,KPROF,X (100) ,Y(100) ,PRES (100) ,UF (109) , ME (100) ,P0PTZ (10N,
IVOVCR (1C0) ,TWAL(100) ,FETA (100)

coMMON/C2/PSZ,TSZ,UZ ,ASZ,AT7,RISZ,FHTZ MUSZ, ¥UTZ,NUSZ, NUTZ,CP,
1PR,TC,ARCL

COHMON/C3/XCHM (100) ,YOM (100) ,S (100) ,SOL (100) ,AE(100Y , TSR (100),
1TAWL (100) , TAWT (100) , TBAR (100) ,®% (100) ,SW (100) ,SUTHL (100) ,

2PHSW (10C) ,RHSE (100) ,HFATW(10C) ,HFACE (100}, NITW (190) , MUBAR (100) ,
IAA(100) ,BB(100),FF (100),7UDS (100), DMDS (100) ,DHDL (100)
COMMON/CUL/THET (100) ,DELSR {100) , DELTA (100) ,FORM (100) ,

1FO2MI (10G) ,FCRMTR (100) ,BTH (100) ,RTHTI (100) ,CF (109,

1TANW (100) , NUSS (100) ,DTDY (100) ,HTRAN (100) ,CRN (100)
CNMMON/CE/FTPAN, FOPHS

COMMON/CT/INST, TTRAN, ISFP
CO¥MON/CR/XTAB (50%) , YTAB1(505) ,YTAB2(505) ,NTAR
COMMON/C9/ERRCR, TRANS, SFPRN

REAL MUSZ,NUSZ,MUTZ,NUTZ,ME,NI'W,MURAF,NUSS
LC5ICAL FRECR,TRANS,SEPEN

SOLVF TURBULENT EBEOUNDARY LAYRR DIFFERENTTAL FONUATIQOMNS
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ING RUNGA-KITTA

CALL RUNKUT

IF (KSDE.NE.1) GO T0O 10

WRTITE (6,1000)

WRTTE(6,1010) (XTAB(I),YTAB1(T),YTAR2(I),I=1,NTAB)
DO 5 I=1,NTAR

TF (YTAB2(I) .LE. 2.8) GO TO 5

WRITE (6,100)

100 FORMAT (9HO (TURBLN),S5¥,634YINCOMERESSTELE FORM FACTOR GRERTER THAN

C
C
Cc

5

CA

20

30

*2.8 - CASE TERMINATED)
STOP
CONTINUE

LCULATE TURBULFENT BOUNDAFY LAYFF PAFAMETERS AT FACH STATION

DO 30 I=ITRAN,NST
IF (S(I).LE.XTAB(NTAR)) GO TO 20

ISEP = I-1
SEPRN= .TRUE.
RETURN

TEM1 = 1.4GMM1/2.%ME (I) **2
CMALL LGRNGE (XTAB,YTAB1,NTAB,S(I),F)

THETTR= NUTZ*F**,7886/MF (I)/ATZ

THET (I) = THETTR* (TTZ/TSE(I)) ** (GME1/(2.%GMMT))

RTH (I)= DF(I)*THET(I)/NOW(I)

CALL LGRNGF (XTAB,YTAR2,NTAB,S (I),FOPMT(I))

FORMTER (I)= FORMI(T)* (1.+SW(I))

FOR¥ (I)= FORMTR(I)*TEM1+PR%% (1. ,3.)* (TFH1-1.)

DELSR{I)= THFET (I)*FORM (I)

POWER= 2.0/ (FORMI (I)=-1.0)

IF (FORMI(I).ILT.1.02) POWER=100.

DELTA (I)= (1.+POWFR)*DFLSR(TI)

CP({I)= 0.2U6%EXP(=1.561*FORMI (I)) * (UE(T) *THFT (I)/NUTZ/ (TFM1** (1, /(
1GAN=1.)))) ** (~. 268) *TSF (I) /TBAR (T) * (MUBAR (I) /MITZ) ** (. 268)
TAUW (I)= CF (I)*HEADE (I)

IF (I.EC.1) GO TO 30

HTRAN (I)= CF (I)/2./PR%* (2 /3,) “PHSF (T) *UR (I} *CP* (TAWT {I)-THAL(I))
DTDY (I)= HTRAN(I)/7C

NUSS (I)= S (I)*DTDY(T)/({TAWT(T)-THAL(I))

CRN(I)= CF (I)*RW(T)/NUSS(T)

CONTINDE

RETURN

1000 FORMAT(1H1///5X,62HTURBULENT DIFFEPENTTAL FQUATIONS -~ SCLOTION FOR

1 F AND FORKI///U(31H S F FoRMI Y//)

1010 FORMAT ( (4 (F10.5,2X,F8.1,2X,F7.4,2¥)))

END

$IPFTC PROFI LIST,DECK
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SUBROUTINE PRCFIL

CCMMCN/CCDE/KCDE, DELSRL, DELSPU
COMMON/CTOBL/DUM (2) , XMAX,DUM2 (5)
COMMON/LNK2,/DUM3I(3) ,CSTAR,DUM3S (2) ,GSTAPI, DUML (3)
COMMON/C1/GAM,®,PT2,TTZ, "P%ACH,NST, NVE,NTURR ,KPVM, KFY KSMTH,
1KSPLN,KLE,KATCH,CTHAT, DLAM,"LAM,DTUFR, TTUPP KPP, KGRAD, KSDE,XLAM,
2KMAIN, KPROF,X (100}, Y (100) ,PRES (100) ,UE{100) ,MF (100) ,PNPTZ(10N),
3VOVCR (100) , TWAL (100) ,ETA (100)

COMMON/C3/XOM (100) ,¥Y0HU (107) ,S (100),SOL (10M) ,EF (100) ,TSE(100),
1TAWL (100) , TAWT (100) , TRAR (100) ,R& (100) ,SW (100) ,SUTHT. (100),

2RHSW (100) ,RHSE(100) ,4EADW (100} ,HFADE(100) ,NUW (100) , ¥URAR (100},



aan

[eNeKe!

3AA (100) , BB(100) ,FF(100) ,DUDS(100) ,D¥DS(100) ,DMDL (100)
COMMON/CU4 /THET (100) ,DELSR(100) ,DELTA (100) ,FORM (100},
1FORMI (100) , FORMTR (100) , RTH (100) ,RTHI (100) ,CF (100),
1TAOW (100) , NUSS (100) ,DTDY (100) ,HTRAN (100) ,CRN (100)
COMMON/CS5/SHAPL (100) ,SHAPK (100) ,B, NS
COMMON/C7/INST,ITRAN,ISEP

REAL ME,NUSS

PRINT LOCATIONS OF INSTABILITY, TRANSITION, AND SEPARATION

IF (KMAIN.NE.1) GO TO 60
WRITE {6, 1000)
IF (INST.EQ.0) GO TO 10
WRITE (6,1010) INST
GO TO 20

10 WRITE (6, 1020)

20 IF (ITRAN.LE.1) GO TO 30
WRITE(6,1030) LTRAN
GO TO 40

30 WRITE(6,1040)

40 IF (ISEP.EQ.0) GO TO 50
WRITE(6,1050) ISEP
GO TO 60

50 WRITE {6,1060)

PRINT LOCATIONS OF LAMINAR AND TURRULENT BOUNDARY LAYERS

60 IEND = ITRAN-1

IF (IFND.FEC.—1.0R.IEND.F0.0) IEND=ISEP

IF (IEND.EQ.0) IEND=NST

IF (KMAIN.NE.1) GO TO 70

IF (ITRAN.EQ.1) WRITE(6,1070)

IF (ITRAN.NE.1) WRITE(6,1080) IEND

IF (ITRAN.EC.0) WRITE(6,1090)

IF (ITRAN.EC.1) WRFTE(6,1100) ITRAN,TEND
70 IF {ITRAN.LE.1) GO TO 80

TEND = ISEP

IF (IEND.EQ.0) IEND=NST

IF (RMAIN.NE.1) GO TO 90

WRITE(6,1100) ITRAN,IENT

80 IF (KODE .EQ. 0) DELSRU
IF (KODE .EQ. 1) DELSRL

DELSR (IENC) /XMAX
DELSR (TEND) /XMAX

o

WRITE (6,2000)

2000 FORMAT (1H1,35X,29HDTMENSIONED BLADE COORDINATES, 36X, 24HANGLES OF
*ROTATION (DEG)//37X, 11HUNCORRECTED, 14X ,9HCORRECTED, 15X, T0HTRANSLAT
$ED//1X,THSTATION,12¥,1HX,23X,1HY,21X,5HYCORR, 18X, SHYTRAN)

SIGN = +1.

IF (KODE .EQ..0) SIGN = -1.

GSTAR = GSTARI*XMAX/CSTAR

DO 170 I=1,IEND

YCORR = Y(I) + SIGN*ABS (DELSR(I)/COS (ETA(I)))
YTRAN YCORR - GSTAR

ETAD = 57.2957796*ETA (I)

WRITE (6,2001) I,X(I),Y(I),YCORR,YTRAN,ETAD:

2001 FORMAT (2X,I3,9%X,4(F9.5,15%X),F9.0)

170 CONTINUE

]
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PRINT CALCULATED BOUNDARY LAYER PAFAMETEES

IF (KMAIN .NE. 1) GO TO 90

WRITE(6,1110)

WRITE(6,1120} (I,X(I),S(I),CFLSR(I),TRET(T),DELTA(I),TFORM(I),
1FORMI(I) ,I=1,IEND)}

WRITE (6,1130)

WRITE(6,114C) (I,CF(I),TAUW(I),RTH(I),DTDY (I}, ,NUSS(TI), HTRAN(I),
1CRN (I) ,I=1,IEND)

COFMPUTE BOUNDS ON VELOCITY PROFILES

90 IF (KERCF.NE.1) RETURN
WRITE (6, 1150)
IF(ITRAN.NE.O) GO TO 100
IL1= 2
IL2= IEND
IT1= 0
IT2= 0
GO TC 110

100 IL1= 2
IL2= ITRAN-1
IT1= ITRAN
IT2= IEND
IF (IT1.EQ.1) IT1=2

CAICULATE AND PRINT LAMINAR BOUNDARY LAYFR VFLGCCITY PROFILFS

110 NVP1= NVP+1
IF (IL2.1T.IL1) GO TO 140
DO 130 I=IL1,IL2
WRITE(6,1160) I
AAA= 2.+SHAPL(I) /6.
BBB= —.5*SHAPL (I)
CCC= ~2.+.5%SHAPL (I)
DDD= 1.-SHAPL(I) /6.
DEL= DELTA(I)/FLOAT (NVP)

Yp= —-DEL
pc 120 J=1,NVP1
YP= YP+DEL

ETAA = YP/DELTA (I)
YXMAX= YP/X (NST)
UUE = ({(DDD*ETAA+CCC)*ETAA+BRB)*ETAA+ARA) *ETAA
U= UUE*UE (I)

120 WRITE (6,1180) ETAA,YP,YXMAX,U,UUE

130 CONTINUE

CALCULATE AND PRINT TURBULENT BQUNLCARY LAYER VELGCITY PROFILES

140 IF(IT1.EQ.0) RETURN
DO 160 I=IT1,IT2
POWER= DELTA (I) /DELSR(I)-1.
WRITE(6,1170) I,POWER
DEL= DELTA(I) /FLOAT (NVDP)

YP= -DEL
DO 150 J=1,NVP1
YP= YP+DEL

ETAA = YP/DELTA (T)



C
C
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YXMAX = YP/XMAX

UUE = FETAA**(1,/POWER)

U= UUE*UE (1)
150 WRITE (6,1180) FETAA,YP,YXMAX,U,UUE
160 CONTINUE

RETURN

FORMAT STATFMENTS

1000 FORMAT(1H1///1X,36HPRINCIPAL BOUNDARY LAYER TNFORMATION///)

1010 FORMAT (/10X,31HINSTABILITY OCCURS AT STATION ,I3)

1020 FORMAT (/10%X,26HINSTABILITY DOFES NOT OCCUR)

1030 FORMAT (/10X,30HTRANSITION OCCURS AT STATION ,I3)

1C40 FORMAT (,/10X,2S5HTRANSITICN DOES NOT OCCUR)

1050 FORMAT (/10X,30HSEPARATION OCCURS AT STATION ,I3)

1060 FORMAT (/10X,25HSEPARATICN DOES NOT CCCUR)

1070 FORMAT (/10X,37HLAMINAR BOUNDARY LAYER DOES NOT OCCUR)

1080 FORMAT (/10X,42HLAMINAR BOUKDARY LAYER - STATIONS 1 TO ,I3)

1090 FORMAT (/10X,39HTURBULENT BCUNDARY LAYER DOES NOT OCCUR///)

1100 FORMAT (/10X,3SHTURRULENT BOUNDARY LAYER - STATIONS,2X,
113,68 TO ,I13///)

1110 FORMXAT(/1X,7HSTATION,RX, 14X, 12X, 1HS, 12X, SHDELSR, 10X, UHTHET, 11X,
15SHDELTA, 11X, UHFORM,10%X,5HFORNI)

1120 FORMAT (2X,I3,3%X,2F13.6,F14.6,1X,F14.6,1X,F14.6,1X,2F14.4)

1130 FORMAT(///1X,THSTATION,6X,2HCF, 13X, 4HTAUW,11X,3HRTH, 14X, 4HDTDY,
113X,U4HNUSS, 10X, SHHTRAN, 12X, 3HCRY)

1140 PORMAT (15,F14.5,2¥,F14.5,1%X,F12.1,5%,F14,.2,2X,F14.2,1%,
1F14.48,2X,F13.3)

1150 FORMAT(1H1///1%, 17THVELOCITY PROFILFS///)

1160 FORMAT (/1X,7HSTATION,1X,I5,2X,7HPRCFILE/3X,7HY/DELTA,9Y,
11HY, 12X, 6HY/XMAX, 10X, 18D, 12X, 8HU /UE)

1170 FORMAT (/1X,7HSTATION,1X,I5,2X,7HPROFILF,28¥,2HN=, 1X,Fh.2/3%X,74Y/D
1ELTA,9X, 1HY, 12X, 6HY/XMAX, 10X, 1HU, 12X, 4HU/UE)

1180 FORMAT(1X,F8.4,2X,2G615.6,2%X,F9.2,6X,F8.4)
END

$IBFTC RUNKT LIST,DECK

nonn

c
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SUBROUTINE RUNKUT

RUNKUT SOLVES SIMULTANEQOTUS FIRST CFDRR INTYTIAL VALUE
ORCINARY CIFFERENTIAL EQUATIONS

COMMON/C1/GAM,&,PTZ,TTZ,UPMACH,NST,NVP, NTUPB,KPVM, KF4,KSHTH,
1KSPLN,KLE,KATCH,CTHET, DLAM, TLAM,DTURR, TTURB, KPRE,KGRAD, KSDE,KLAWM,
2KMAIN,KPROF,X (100) ,Y (100) , PRFS (100) ,UE(100) , ME(100), POPTZ (100),
3VOVCR (100) , TWAL {(100) ,ETA (100)

COMMON/C3/X0M (100) ,YOM (100) ,S({100) ,SOL(100) ,AF (100) ,TSE (100),
1TAWL (100) , TAWT (100) ,TBAR(100) , "W (100) ,SW (100) ,SUTHL (100),

2RHSW (100) , RHSE (100) , HEADW (100) , HEADE (100} ,KUW (100) , MUBAR (100),
3AA (100) ,BB(100),FF({100) ,DUDS (100),DMDS (100) , DMDL (100)
COMMCN/C6/FTRAN, FORMS

COMMON/C7/INST,ITRAN,ISEP
COMMON/CB/XTAB(505) ,YTAB1(505) ,YTAB2 (505) ,NTAR

DIMENSION YY(2),RY(2),YINC(2),DOCT (2),RUK(2,4)

DOUBLE PRECISION XX,RX,YY,RY,RUK,DEL,DOT,

1TEM1, TEM2,TEM3, TEM4 ,TEM5,TEM6

REAL ME,NU®,MUBAR

SET DEL SPACING AND STORE INITTIAL VALUES
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DEL= 0.002%S (NST)
10 YY (1) =FTRAN

YY (2)= FORMS

XX= S (ITRAN)

NV=2

NTAB = 1

YTAB1{1)= YY (1)

YTAB2 (1)= YY(2)

XTAB (1) = XX

c
C SOLVE FOR YY(1) AND YY(2) AT NEXT XX INCREMENT
c
C SAVE PREVIOUS YY (1) AND YY(2)

20 DO 30 J=1,NV

30 RY (J) = YY(J)

RX= XX

c
C CALCULATE NEW YY(1) AND YY(2)
C

DO 90 L=1,4
C PUT DIFFERENTIAL EQUATIONS IN THE FCRM OF
C FIRST DERIVATIVE = RFMATINDER OF EQUATION
CALL LGRNGE (S,ME,NST,XX,ANS1)
CALL LGRNGE(S,SW,NST,XX,ANS2)
CALL LGRNGE (S,AA,NST,XX,ANS3)
CALL LGRNGF({S,BB,NST,XX,ANSU)
CALL LGRNGE(S,DMDS,NST,XX,ANS5)
CALL LGRNGE(S,TBAR,NST,XX,ANS6)
TEM1= 1.4 (1.4ANS2)*YY (2)
TEM2= . 123%EXP (-1.561*%YY (2) ) *ANS3
DOT(1)= 1.268% (~YY (1) /ANST1*ANSS*TEM1+TEM2)
TEM3= YY (2)%* (YY (2)+1.) *%2% (YY (2)-1.)
TEMU= 1. +ANS2% (YY (2) *YY (2) +4.%YY (2)=1.) / ((YY{2) +1.) *(YY (2) +3.))
TEMS= (YY(2)*YY{(2)=1.)*YY (2)/YY (1) * (.123%EXP{-1.561%xYY (2)) *ANS3)
TEM6= (YY (2)*YY (2)-1.) /YY (1) %% (. 7886)* (01 1*(YY (2) +1.) *(YY (2)-1.)
T*%2/YY (2) *%2*TTZ/ANS6) *ANSY
DOT (2)= —ANS5%.5/ANST*TEM3I*TEMU+TEMS-TEMG
C APPLY THE PUNGA-KUTTA SCHEMF
DO 40 J=1,NV
40 RUK(J,L) = CEL*DOT(J)
Go To (50,50,70,90), 1
50 DO 60 J=1,NV
60 YY(J)= RY(J)+RUK(J,L)/2.
XX= RX+DEL/2.
GO TO 90
70 DO 80 J=1,NV
80 YY(J)= RY(J)+RUK(J,L)
XX= RX+DEL
90 CONTINUE
C INCREMENT THE CEPENDENT VARTABLES TO CBTAIN NEW YY (1) AND YY(2)
DO 100 J=1,NV
YINC(J) = (RUK(J,1)+2.%RUK(J,2) +2.%ROK (J,3) +RUK (J, 4)) /6.
100 YY(J) = RY(J)+YINC (J)
c
C STORE NEW COMPUTED VALUES IN A TAELE
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NTAB = NTAB+1

YTABT(NTAB)= YY (1)

YTAEZ (NTAE)= YY (2)

XTAE (NTAE)= XX

IF (YTABR2(NTAB) .GT. 2.8) EETUER
IF (XX.LT.S(KST)) GC TC 20
RETUORN

ENC

$IBRFTC SPLIN DECK

SUBROUTINE SPLINE(X,Y,N,DYDX,D2YNDX2)

SPLINE FITS A SPLINFE CURVE TO X AND Y

AN
EN

10
20

30

40

D CALCULATES FIRST AND SFECOND DERIVATIVES AT THE SPLINE POINTS
D POINT SECOND DERIVATIVES EQUAL THOSE AT ADJACENT POINTS

DIMENSION X (N),Y (N),DYDX{N) ,D2YDX2 (N)
DIMENSION G {100),H (100)

G(1)= -1.
H(1)= O.
N1= N-1

IF (N1.LT.2) GO TO 20

pDC 10 I=2,N1

A= (X (I)-X(I-1)) /6.

B= (X (I+1)-X(I}) /6.

C= 2.% (A+B)—A%*G (I-1)

D= (Y(I+D =Y (D) /(X(I+DH =X (D)) (Y (D) -Y(I-1)) /{X(I)-X(I-T})

G(I)= B/C

H(I)= (D-A*H{I-1))/C

D2YDX2({N}= H(N1)/{1.+4G(N1))

DO 30 I=2,N

K= N+1-I

D2YDX2 (K)= H(K) -G (K) *D2YDX2 (K+1)

DIDX(1)= (X{1)=X(2))/6.*%(2.%D2YDX2 (1) +D2YDX2(2))+ (Y (2)=-Y (1)) /(X (2)
1-X (1))

DO 40 I=2,N

DYDX(I)= (X{I)—-X{(I-1))/6.*%(2.%D2YDX2(I)+D2YDX2(I-1) )+ (Y (D) ~-Y(I-1))
1/ (X(T)~X(I-1))

RETURN

END

$IBFTC LGRNGV DECK

C

SUBROUTINE LGRNGE (X,Y,N,ARG,ANS)
LINEAR INTERFPOLATION (REPLACES U4-POINT LAGRANGF)
DIMENSION X (N),Y (N)

IF (ARG .GE. 0.80*X(1)) GO TO 2
WRITE (6,100) ARG,X{1),X(WM)

100 FORMAT (9HO (LGRNGE) ,5X, 10HABSCISSA =,E13.5,27H IS OUT OF RANGE -

* X(1) =,E13.5,5X,6HX (N) =,E13.5/15X,27HEXTRAPOLATED VALUE RETURNED
*)

2 NM =N -1

DO 3 I=2,NM

IF (ARG .GT. X(I)) GO TO 3
M =1

GO TO 4
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3 CONTINUE
IF (ARG .LE. 1.20*%X(N)) GO TO S
WRITE (6,100) ARG,X(1) ,X (M)

5 M =N

4 ANS = Y (M) + (Y(M) - ¥(M-1))/(X(M) ~ X(M-1))* (ARG - X (¥M))
RETORN
END

$IEFTC SIMP DECK

FUNCTION SIMPS1(X1,X2,FUNC,KSIG)

DIMENSION V(200) ,H(200) ,A(200),B(200),C(200),P (200),E(200)
LOGICAL SPILL

DOUBLE PRECISION ANS,Q

DATA TWC,THREF,FOUR,THIRTY/2.0,3.0,4.0,30.0/

DATA T,NMAX,NSIG/3.0E-5,200,1/

C INITIALIZE FIRST ELEMENTS OF ARRAYS.

10

v=%1

H= (X2-V) /THC
A=FINC (V)

B=FUNC (V+H)
C=FUNC (X2)

P=H* (A+FOUR*B+C)
E=P

ANS=P

N=1

FRAC=T
SPILL=.FALSE.
TEST=ABS (FRAC*ANS)
K=N

po 30 I=1,K

C TFST MAGNITUDE OF 4TH ORDER ERROR IN THIS INTERVAL.

Cc GO

IF (ABS(E(I)).LF.TEST) GO TO 30
IF (N.LT.NMAX) GC TO 20

TO FINISH IF STORAGE IS FILLED UP.
SPILL=.TRUE.

KSIG=KSIG+NSIG

GO TO 40

C SUBDIVIDF INTERVAL AGAIN TO REDUCE 4TH ORDER EREOP,.

20

30

N=N+1

V(N)=V (I)+H(I)

H(N)=H(I)/THO

A(N)=E(I)

B (N) =FUNC {V (N) +H (N))

C(N)=C(I)
P(N)=H(N)* (A {N) +FOURXB (N)+C (N))
H(I)=H(N)

B(I)Y=FUNC(V(I)+H (1))

C(IY=2a(N)

Q=P (I)

P(I)=H(I)* (A(T)+FOUR*B(I)+C(I}))
Q=P{I)+P (W) -0

ANS=ANS+Q

E(T)=¢C

E(N)=0

CONTINUE

C TEST ALL INTERVALS AGAIN IF ANY WERE SUBLIVITCED THE LAST TIME.

40

50

48

IF (N.GT.K) GO TO 10
0=0.0

DO 50 I=1,N

0=Q+E (I)



C TIGHTEN ERROR LIMIT IF TOTAL ACCUMULATED ERROR TOO LARGE.

IF (ABS(Q/T).LE.ABS(ANS).OR.SPILL) GO TO 60
FRAC=FRAC/TWHWO
GO TO 10

C FINISH CALCULATION.
60 SIMPS1=({ANS+Q/THIRTY) /THREE

BRETURN
END

$IBFTC CURVF DECK

C
C EV
C

10
20

30

40

50

60

SUBROUTINE CURVFT (COEF,ANS5,X,Y,NX,NY)
ALUATE THE POLYNOMIAL FOUNCTION, ANS=F(X,Y), USING COEFFICIENTS, COEF

DIMENSIONK COEF (20)

NX1 NX+1

NY1 NY+1

ANS COEF (1)

IF (XeBQeo0.AND.Y.EQ..0) RETURN
IF (Y.EQ..0) GO TO 10

IF (X.EQ..0) GO TO 30

GO TO 50

DO 20 I=2,NX1

ANS = ANS+COEF (TI) *X**(I-1)
BETURN

DO 40 I=2,NY1

K = (I-7)*NX1+1

oo

ANS = ANS+CCEF (K) *Y** (I-1)
RETURN
ANS = .0

DO 60 TI=1,NY1

DO 60 J=1,NX1

K = (I-1)*NX14J

ANS = ANS+COEF (K) *Y** (I-1) %X** (J—~1)
RETURN

END

$IBFTC AFTMIX LIST,DECK

SUBROUTINE AFMIX (ALPH1,DELS,DELP,THETS,THFTP,TE,SP,XMFS1)
DIMENSION XXX (100),YYY (100),5SS(100)

COMMON/GAMPM/GMP1,GMM1
COMMON/C1/GAM,R,PTZ,TTZ,UPMACH, NST, NVE, NTURB,KPVM, KEM,KSMTH,
1KSPLN,KLE,KATCH,CTHET, DLAM, TLAM,DTURB, TTURB, KPRE, KGRAD, KSDE,KLAN,
2KMAIN,KPROF,X(100),Y (100} ,PRES (100) ,UE (100) ,ME(100) ,POPTZ (100},
3VOVCR (100) , TWAL (100) ,ETA (100)

COMMON/C3/X0M (100) ,YOM (100) ,S (100) ,SOL (100) , AE {100) ,TSE (100),
1TAWL (100) , TAWT (100) , TBAR (100) ,R¥ (100) ,SW (100) ,SUTHL (100},
2RHSW (100) ,RHSE(100) , HEADW (100} ,HEADE(100) ,NUW (100) , MUBAR(100),
3AA (100) ,BB (100) ,FF (100) ,DUDS (100) ,DMDS (100) , DMDL (100)

COMMON/CH4 /THET (100) ,DELSR (100) ,DELTA (100) ,FCPM (100) ,

1FORMI (100) , FORMTR (100) ,RTH (100) ,RTHI (100} ,CF(100),

1TAUW (100) ,NUSS (100) ,DTDY (100) ,HTRAN (100) ,CRN (100)

EQUIVALENCE (X, XXX), (Y,YYY), (S,SSS), (NST,N)

REAL ME

KODE = 0

WRITE {6,5)

FORMAT (1H1, 20X, 22HAFTERMIXING PROPERTIES)
XALPHT1 = ALPH1

ALPH1 = ALPH1%0.017453
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10

50

2 VVCR1 = SQRT((GMP1/2 . *XMFST1**2)/ (1.+GMN1 /2. *XMFS 1%*2) )

XX=SP*COS (ALPH1)

DELSRT= (DELS+#DELP) /XX

THETA= (THETS+THETP) /XX

DTE = TE/XX

AFS1 = GMM1/GHP1*VVCR1*%*2

A = 1.0-DELSRT-DTE-THETA

A1= 1.,0-DELSRT-DTE

IF (A .LE. 0.0) GO TO 16

IF {KCDE .EQ. 0) WRITE (6,1)

FORMAT (1H0,10X,39HROTOR WITH NO BOURDARY LAYER CORRECTION)
C = ((1.-AFS1)*GMP1/ (2.%GAM) + (CCS (ALPH1) ) **2%
1A*VVCR1*%*2) s (COS (ALPH1) *A1*VVCR1)

D = VVCRI*SIN(ALPH1) *A/A1 .

VXVCR2 = GAM*C/GMP1-SCRT {(GAM*XC/CHE1) **2
1-1. +GMM1/GMB 1% D**%2)

GO TO 4

KODE=2

WRITE (6,10)

FORMAT (1HO, 10X, 19HSUPERSONIC SCLUTICN)
VXVCR2 = GANM*C/GMP1+SQORT ((GAM*C/GMET) *%2
1-1.+GMM1/GHP1*D*%x2)

4 DENCH = GMM1/GMP 1% (D**2+4VXVCR2%%2)

16

20

IF (DENCH.GE. 1.0) RETURN
DENSR2 = (1.-GMM1/GMP1* (D**2+VXVCR2%*2))

1%k (1. /GMM 1)

DENSR1 = 1./ ((1.4GMM1/2.%XMFS1*%2) %% (1, /GUN1))

PR2 = DENSR2%*GAM

PT2PTO= (DENSR1*VVCR1*COS (ALPH1)*A 1)/ (DENSR2*VXVCR2)

PTOP2 = 1.0/ (PT2PTO*PR2)

EBAR2 = ((PT2PTO)** (~GMM1/GAM)=1.)/ (PTOP2%*

1(GHM1/GAM) - 1.)

ETAN = 1.0-EBAR2

VVCR2 = SQRT (D**2+VXVCR2%%2)

XM2 = SQRT(((2./GMP1) *VVCR2*%*2) / (1.~ (G¥M1/GHP1)

1xVVCR2%%*2))

T2TTO = 1.-GMM1/GMP1*VVCR2%%*2

ALPH2 = ATAN(D/VXVCR2)

XMX1 = XMFS1%*COS (ALPH1)

XMX2 = XM2*CCS (ALPH2)

ALPH2 = ALPH2*57.2958

WRITE (6,6) XMFS1,SP,TE,XM2,VVCR1,XMX1,XMX2

FORMAT (1HO, 7THXMFS1 =,F6.4,2X,9HSPACING =,F7.6,2X,4HTE =,F7.5,2X,
1SHXM2 =,F6.4,2X,8HV/VCR1 =, F6.3,2X,6HXMX1 =,F6.3,2X,6HXMX2 =,F6.3)
WRITE (6,7) XALPH1,ALPH2,PT2FTC,PTOP2,T2TTO,VVCR2,EBAR2,ETAN
FORMAT (1H0, 6BALPH1=,F7.3,2X,6HALPH2=,F7.3,2X,8HPT2/PT0=,F7.4,2X,
174pPTO/P2=,F9.3,2X,7HT2/TT0=,F7.4,2X,THV/VCR2=,F6.3, 2X, 6 HEBAR2=,
2F7.5%,2X,6HETA-N=,F6.4)

IF (KODE .EC. 2 ) RETURWN

IF( KODE.EQ.1 ) GO TO 3

SP = SP + (DELS + DELP)/COS (ALPH1)

WRITE (6,20)

FORMAT (1H0,10X,36HROTOR WITH BCUNCARY LAYER CORRECTION)
KODE = 1

GO TO 2

END




e

$IEFTC FUNC DECK

SUBROUTINE FONCT (XX, FX,TFX,INF)

COMMON/GAMPYF/GHP1,GEN1
coM%oN,/C1/GAM,R,PTZ,TTZ,UPMACH,NST,NVE, NTURB,KPVM,KEM, KSHTH,
1KSPLN,KLE,KATCH, CTHET, DLAM, TLAM,DTURE, TTURB, KPRE,KGRAD, ¥SDE,KLAM,
2KMAIN,KPROF,X (100) ,Y(100),PRES (100} ,UE(100) ,ME(100),POPTZ (107),
3VOVCR (1001, TWAL (100) , ETA (100)
coMMON/C2/PSZ,TS2,12Z,ASZ,ATZ, HSZ, RHT7,MUSZ,MUTZ,NSZ, NUTZ,CP,
1PR,TC,ARCL

COMMON/C3/XCM (100) ,YOM (100) ,S (100) ,SOL(100) ,AE (100),TSE (100},
1TAWL (100) , TAWT(100) ,TBAP (100) ,RW (100) , Sk (100) ,SUTHL (100},

2RHSW (100) , RHSF (100) , HEAD® (100) ,HEARE (100) ,NUW (100) ,MURAR (100},
3A4 (100) ,BB (100) ,FF (100) ,DUBS (100) ,DMBS (100) ,DMDL (100)

REAL MUSZ,NUSZ,MUTZ,NUTZ,MF,NUW,MUBAR

INF = 0

B1 = 1.+GMN1/2.%MF (1) **2

B2= 1.+ (2.79=-1.7B*DPR*A*_S)* ((1.+4SW(1))*B1-1.)

B3 = —-NUTZ*SUTHL (1) *ARCL/ATZ/CMDL (1) *P1%* ((3.-GAM) / (2. *GMK1))
BU= -1.1138%*B2

BS5= 2.38U711%B2+ (4.65%PR**(1./3.)~3.65%PR*%_6)*PR**_S* (B1-1.)
FX= (B3*XX) **_ 5% (BUxXX+RB5)

IF (XX.EQ.0.) GO TO 10

DFY= .5% (R3*XX) ** (~.5) *BP3% (BU*XXX+B5) +BU* (BI*XX) **_.5

RETURN

10 INF = 1

DFX = 1.E10

RETURN

END
$IEFTC ROTB CECK

SUBROUTINE ROOTB (A,B,Y,FUNCT,TCLERY,YX,DFX)
C
C ROOT FINCS A ROOT FOR {FUNCT-Y) IN THE TNTFRVAL (A,B)
C

10

20

30

X1= A

X2= B

CALL FUNCT (X1,FX1,DFX,INF)

DO 30 I=1,20

X= (X1+X2) /2.

CALL FUNCT(X,FX,DFX,INF)

IF ((FX1-Y)*{FX-Y).GT.0.) GG TO 20
X2= X

GO TO 30

X1= X

FX1= FX

CONTINUFE

IF (ABS (Y~FX).LT.TOLERY) RETURN
WRITE (6,100C) A,B,Y

STOP

1C00 FORUMAT(////4X,49HROOT HAS FAIIEL TO CONVERGE IN THE GIVEN INTFRVAL

1/4X,382 =,G10.6,10X,3HB =,G14.6,10X,3EY =,G14.R)
END
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FIEFTC INTGI DECK
REAL FUNCTICON INT1(XX)

COMMON/GAMPH/GMP1,GHM1
COMMON/C1/GA¥,R,PTZ,TTZ,UPMACH, NST,NVF, NTURB ,KPV¥, KEM,KSMTH,
1KSPLN, KLE,KATCH,CTHFT, DLA¥,TLAM,P™URE,TTUPR, KPRE,KGRAD, KSDE,KLAN,
2KMATN, KPROF, X (100),Y (100) ,PRFS(100) ,UF (100) ,KE({100) ,PODPTZ (10},
3VGVCR (100) , TWAL (100) ,E™A (100)

COMMON/C3/XCM (100) ,YOM (109),S (100) ,SOL (100) ,AFR(100) ,TSE(100),
1PAWL (100) , TAWT (100) , TEAR (100) ,P% (100) ,SW (100) ,SUTHL (100},
PRHSW(100) ,RHSE (100) ,FEAD¥ (100) ,HEATE(100) ,NU¥ (100) , HUBAR({100),
3AA(100) ,BEB(100),FFP(100) ,DIDS(100),DM¥DS(100) ,DMDL (100)
COMMON/CS/SHAPL (100) ,SHAPK (190) , B, NS

xEAL ME,NUW,MUBAR,INT1

CALL LGRNGE (SOL,ME,NST, XX, ANS)
INT1 = ANS** (B=1.)/((1.+4CGMM1/2 *ANS*%D) **
1((3.*%GAM-1.) / (2.%GMK1)))
RETURN
END

$IEFTC INTG2  DECK
REAL FUNCTICN INT2({XX)

comroN/C1/GAM, R, PTZ,TTZ,UPMACH, NST,NVP, NTURR ,KPVY, KEM,KSMTH,
1KSPLN,KLF,KATCH, CTHET, DLAM, TLAM,DTURB,TTURB, KPRF,KGRAD, KSDR,KLAM,
2KMAIK,KPROF,X(100),Y (10C) ,PRES (1n0) ,UE (109) ,ME(100),POPTZ(100),
3VOVCR(100) , TWAL {100) ,ETA{100)

COMMON/C3/XCN (100) ,YOM (100) ,5 (100) ,SOL (100) ,AE(100) ,TSE(100),
1TAWL (100) , TAWT (100) , TBAR (100) ,RW (100) ,SW (100} ,SUTHL (100},
2RHSW(100) ,RHSE (100) ,HEADW {100) ,HFADE (100) ,NUW (100) , MUBAR (100),
3AA (100) ,BB{100),FF (100) ,DUDS (100}, DMDS (1C0) , DMDL (100)
COMMON/CS/SHAPL (100) ,SHAPK (100) ,B,NS

PEAL ME,NUW,¥UBAR,INT2

IF (NS.LT.4) GO TO 10
CALL LGRNGE (SOL,SHAPK,NS,XX,INTZ2)
RETURN
10 po 20 J=2,N5
IF (SOL{J).LT.XX) GO TO 20
INT2= SHAPK (J=1) + (SHAPK (J)-SHAFK(J-1))* (XX-SOL (J-1))/{(SOL(J)~-SOL (J
1-1))
PFTURN
20 CONTINUE
RETURN
END

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, September 8, 1971,
113-34.
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APPENDIX A

PROGRAM CHANGES FOR A GAS OTHER THAN AIR

The program gas properties are set up for air. This program can be easily changed
so that it applies to gases other than air. THe changes are all made in subroutine
PRECAL.

The coefficients read in by the DATA statements of CMU, CPR, and CTC arrays
must be changed. The equations for the curve fits have the following form:

2 3 4
I a, +b _I__ +C _T_. +d .—l'I‘— 3+ e _T_
1+ P17 17 1|7 17
Hs1 sl sl sl sl
2 3 4
Pr=aq,+Db T +c T +d T +e X
2 2 T 2 T 2 T 1 T
sl sl sl sl
2 3 4
X, +b3(1> +c3<l> +d3<_1‘_> +e3(1>
L) Tg Tsr Tst Tst

If the number of coefficients changes from five in any case, this must be reflected both
in the DATA statements and later in the calls on CURVFT where CMU, CPR, and CTC
are used. If the properties are put in a different form, these cards must be removed.

The sea-level reference values in U. S. customary and SI units of temperature
(TSLE, TSLM), viscosity (MUSLE, MUSLM), and thermal conductivity (TCSLE, TCSLM)
must be changed.

The value of Sutherland's constant (TCON) and the computation of kSu (SUTHL (1))
will have to be changed. A temperature-viscosity law of the following form was used:

L i
£ alr)

. _1*_1/2 T, + TCON
LR | T + TCON

(o)

Where kg, for air was used:

Where TCON is Sutherland's constant for air.
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APPENDIX B

ADDITIONAL OUTPUT

This output is obtained when KPRE, KGRAD, KSDE, KLAM, and KPROF are set
equal to 1.

The output corresponding to KPRE are the geometric variables:

X X-coordinate, m; ft
Y Y-coordinate, m; ft
S surface length, x, m; ft

XOM ratio of X to C*
YOM ratio of Y to C*
SOL ratio of surface length to total arc length

The next part of the output gives the local speed of sound and several temperatures:

AE local free-stream speed of sound, m/sec; ft/sec
TSE static temperature, K; °R

TWAL wall temperature, K; °R

TAWL laminar recovery temperature, K; °R

TAWT turbulent recovery temperature, K; °r

TBAR reference temperature, K; °R

The final part of this output gives

RW Reynolds number at wall, RW = (UE)(S)/NUW

SW temperature function at wall

SUTHL value of the coefficient in Sutherland's viscosity temperature
RHSW static density based on the wall temperature, kg/m3; slug/f’c3
RHSE static density based on free-stream temperature, kg/m3; slug/ft3

HEADW  velocity head based on the density at wall, N/mz; lbf/f’c2
HEADE velocity head based on the free-stream density, N/mz; ]bf/ft2
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NUW kinematic viscosity at wall, mz/ sec; ftz/sec

MUBAR dynamic viscosity based on reference temperature, (N)(sec)/mz;
(Ibf)(sec)/ft2

Output corresponding to KGRAD contains the three gradients of velocity and Mach
number along the surface computed by finite difference methods:

DUDS dUE/dx, sec™!
DMDS dME/dx, m~1; ™1
DMDL dME,/dSOL

Output corresponding to KSDE contains the numerical solution of the laminar and
turbulent differential boundary-layer equations. In the laminar case, the solution is the
correlation number CORLN. In the turbulent case, the solution is the incompressible
form factor FORMI, and a function F of the momentum thickness. These solutions are
printed with respect to the surface length S.

Output corresponding to KLLAM contains the variables used in the laminar subroutine
to check for the position of instability and transition. The three variables, RTHI (in-
creasing from station to station) and RCRIT and RTRAN (decreasing from station to sta-
tion), are used in this analysis. When RTHI becomes larger than RCRIT, instability has
occurred. When RTHI becomes larger than RTRAN, transition is assumed to occur.
The variables listed are

CORLN correlation number
SHEAR shear parameter

DTH ratio of transformed displacement thickness to transformed momentum
thickness

FORMTR transformed form factor

SHAPL Pohlhausen shape factor based on boundary-layer thickness

RTHI incompressible momentum -thickness Reynolds number

SHAPK dimensionless shape factor based on momentum thickness

RCRIT critical incompressible momentum-thickness Reynolds number

KBAR mean shape factor based on momentum thickness

DIFF difference between transition and instability momentum-thickness Reynolds
numbers

RTRAN incompressible momentum-thickness Reynolds number used in checking for
transition point
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Qutput corresponding to KPROF contains the velocity profiles at each station along
the surface. The output listed is

Y/DELTA ratio of distance normal to surface in y-direction in boundary-layer profile
to boundary-layer thickness

Y distance normal to surface in y-direction in boundary-layer profile, m; ft
Y/XMAX ratio of Y to XMAX
U velocity within boundary layer, m/sec; ft/sec

U/UE ratio of U of free-stream velocity
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